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SPECIMEN LOADINGS 


Passengers Luggage Crew Range 
5 300 Ibs. 1 800m. 


5 300 Ibs. = 2 600m. 
6 300 Ibs. 1 600m. 
7 300 Ibs. 1 400m. 
8 200 Ibs. 1 300m. 
Freight Crew Range 
1350 Ibs. 1 800m. 
1823 300m. 


The Percival Merganser is an all- 
metal monoplane with tricycle 
undercarriage and is powered by 
two Gipsy Queen 51 engines 
driving constant speed propellers. 


ROOMINESS and COMFORT 


inasmall airliner ..... 


87 cubic feet of space per passenger... six feet of headroom in the 


centre aisle . . . high wing permits unobstructed view of the ground 
from all seats... level floor whilst on the ground... very low 


loading line... these are some of the teatures which make the 
Percival Merganser the roomiest and most comfortable aircraft 
in its class. 

The Merganser is the ideal machine for charter or feeder service. At 
very short notice it can be adapted to carry from four to eight 
passengers and varying amounts of baggage, or the whole of the 
interior tittings stripped for the accommodation of freight. 


PERCIVAL 
MERGANSER 


PERCIVAL AIRCRAFT LIMITED, LUTON AIRPORT, ENGLAND - AND TORONTO, CANADA 
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That business house or commercial organi- 
sation which does not use flying as a means 
of speeding-up communications, services 


and deliveries, concedes a big 


advantage to its rivals... 
NESS 


gust 
demands particular attention 
from those engaged in export trade 
where time is the essence of the contract. 
Up-to-date concerns should avail them- 
selves of the unique experience of Airwork 


Limited, with its world-wide connections. 


THE SERVICES OF AIRWORK LTD: 


Air Transport Contracting. 

Servicing and maintenance of aircraft. 

Overhaul and modification of aircraft. 

Sale and purchase of aircraft. 

Operation and management of flying schools and clubs. 
Fly-yourself and air-taxi hire. 


AIRWORK LIMITED 15 CHESTERFIELD STREET - LONDON GROSVENOR 4841 
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D-NAPIER & SON LTD. LONDON. W.3 
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SYDNEY-LONDON 


MPIRE SERVICES 


Speed! Comfort! 


“SS 
Showing the Flag 
—on British Wings! 


The “Kangaroo” Service now 
operated by Q.E.A. and B.O.A.C,, 
between Sydney and London, com- 
bines unparalleled speed and comfort. 
You can reach Sydney in 63 hours 
by Lancastrian — or in five and a 
half days by the more leisurely Flying 
Boat Service. 


Australia’s INTERNATIONAL Airline 


— 
B-0-AC 


BRITISH OVERSEAS AIRWAYS CORPORATION 
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ANNOUNCING NEW 


REDUCED PRICES 


RATCHET 
SPANNERS 


Improved methods of manufacture now enable us to 
produce ‘‘Leytool’’ Ratchet Spanners at prices 
little above those paid for ordinary good quality 
spanners— yet with the Leytool”’ Ratchet 
Spanners your operators can work with 
greater ease and speed, especially when 
dealing with nuts and bolts in places 
difficult of access. 

Consider the savings you can effect, at 
negligible cost, by changing to 
“ Leytool”’ Ratchet Spanners now. 


LEY TOOLS 
are 
QUALITY 
TOOLS 


Write for éllustrated 
pamphlet showing the 
full range of standard 
sizes and prices. 


A.D. APPROVED 793672/88 


* “ Leytool’’ Ratchet Spanners Manufactured by: 
are made of carbon chrome steel, 


hardened all over and negradised. 


The British Council of Industrial 

Design has chosen “Leytool’’ Precision 

Hand Tools for display at the Britain iF | 

Can Make It” Exhibition. 
LEYTOOL WORKS, HIGH RD., LEYTON, LONDON E10 


As supplied to all Service Telephone : Leytonstone 5022-3 Telegrams: Leytool, Leyvston 
Government Departments 


V1 


DO 


/ 
/ 

= Prov. Patent No. 4746 44 
AS) 
é 
| 
| 
4 

» 

is 


THE AVRO TU DOE 


Avro Tudor Il embodies 


UNDERCARRIAGE 


LIQUID SPRING TAILWHEEL UNIT 


HYDRAULIC EQUIPMENT 


DOWTY EQUIPMENT LIMITED + CHELTENHAM 


ENGLAND 
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AMERICAN AIRLINES SPECIFY PACITOR 


Pacitor Electronic Fuel Contents Gauges have been 


installed by American Airlines on their fleet of fifty Douglas 
C54 Transports, necessitating the removal of the existing 
fuel gauges. Pacitor has also been specified on the new 
Douglas D.C.6. 


The adoption of the world’s most advanced fuel measuring 


system by leading American designers, is a striking tribute to 


the skill of Simmonds technicians in Great Britain. 


COMIENTS CAULE 


THE WORLDS MOST ADVANCED FUEL MEASURING SYSTEM 


SIMMONDS AEROCESSORIES LIMITED, BRENTFORD, LONDON, ENGLAND. 
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with its wonderful 
SINTERED ALUMINIUM OXIDE 


INSULATOR 


is the 


FOR ALL AERO ENGINES 


Lodge Plugs Ltd 
Rugby 
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finest aviation plug in the world 


IN THE NEW ROJOL PROPELLER 


Capacity of Power Unit, Model 157/B 
Maximum output 2 
Capacity of Screw Jack, Model 550/B ¥ 
Normal 
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THE FASTEST 
AIRGRAFT IN 
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‘Undoubtedly the last and most important difference 


between the IV and its predecessors is the installation 
of two Derwent V’s, each developing 3500 Ibs. thrust. 
compared with the 2000 Ibs. thrust of the Meteor III 

. . . The combination of Rolls-Royce and Glosters 
has provided us with an incomparably rapid flying 


machine without equal anywhere in the world.” 
The Aeroplane” 


JET PROPELLED BY 


ROLLS-ROYCE 


DERBY ENGLAND 


THE WORLD 
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The range of Duniop High Pressure Hose 
Assemblies is comprehensive and includes 
hose of 13” to 5/32” bores. Actual size illus- 
trations of the largest and smallest hose 
assemblies are shown above. 


Approved for High Pressure Hydraulic 
Systems and suitable for Air, Engine Oil, 
Petrol, Glycol, etc. 


DUNLOP 


HIGH PRESSURE 
HOSE ASSEMBLY 


Ltd. (Aviation Division), COVENTRY 


6H 914 
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SERCK RADIATORS LTD. WARWICK ROAD, BIRMINGHAM i 
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Your airport equipment must give safe, 
efficient and trouble-free service. We can 
supply and install a wide range of electrical 
appliances including: signal, control and 
radio frequency cables, runway lighting 
equipment and radio masts and towers, all 
expressly designed to satisfy operators’ needs. 


BRITISH INSULATED CALLENDER’S CABLES LIMITED 
NORFOLK HOUSE, NORFOLK STREET, LONDON W.C.2 
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THE ROYAL AERONAUTICAL SOCIETY 


Second British Commonweaith and Empire Lecture 


“THE STATUS OF CIVIL 
AVIATION IN 1946” 


by 
SIR HENRY SELF, K.C.M.G., K.B.E., C.B. 


HE SECOND British Commonwealth and Empire Lecture was delivered before the 
peter by Sir Henry Self, K.C.M.G., K.B.E., C.B., on Wednesday, 25th September, 
1946, at six p.m. in the Lecture Hall of the Institution of Civil Engineers, Great George 
Street, S.W.1. The chair was taken by Sir Frederick Handley Page, C.B.E., President of 
the Society. 


THE PRESIDENT: Before calling upon the Lecturer he had pleasure in presenting the 
following three prizes:— 


Branch Prize—The first award of this prize was to Mr. Norman A. White, Graduate, for 
his paper on “‘ The Future Development of Aircraft for Civil Aviation,’’ read before the 
Luton Branch. 


Usborne Prize—To Mr. O. R. Ballard tor his paper on ‘‘ The Cooling ot High Power 
Aero-Engines.’’ This prize was awarded annually for the best paper by a Student on some 
subject in connection with aero-engines. 


Major Baden Powell Memorial Prize—To Mr, J. G. Mason who was considered by the 
examiners to be the best entrant for the May, 1946, Associate Fellowship examinations. 


This was the first meeting of the new session and he had never had greater pleasure 
at presiding at any meeting than now, when introducing his old friend Sir Henry Self, 
who was to deliver the Second British Commonwealth and Empire Lecture. To all who 
knew him it was amazing how he managed to do so much and yet found time to do so 
many other things, such as taking degrees in Law, Science, Divinity and Philosophy. Sir 
Henry entered the Civil Service in 1907 and joined the Air Ministry in 1919. He became 
Principal Assistant Secretary in 1936 and Deputy Under-Secretary of State for Air in 1937. 
From 1940 to 1941 he was a member of the British Air Commission in Washington and 
during the rest of the war years served on the Combined Production and Resources Panel, 
the Combined Raw Materials Board and the British Raw Materials Commission at Wash- 
ington. In 1945 he became Deputy Chairman of the British Supply Council. On Ist April, 
1946, he was appointed Permanent Secretary of the Ministry of Civil Aviation. 


He had much pleasure in calling on Sir Henry to deliver his lecture. 
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INTRODUCTION 

It is indeed a privilege to be asked to 
deliver this, the Second Lecture inaugurated 
by the Royal Aeronautical Society as ‘* The 
Empire 
ture.’ I feel particularly gratified at being 
asked to follow in the wake of so distin- 


3ritish Commonwealth and 


guished a pioneer in Commonwealth Civil 
Aviation as Mr. Hudson Fysh, who delivered 
the Lecture last year. 
the same time distressed by the sequence, 
because after reading the outline of experi- 


I am, however, at 


ence and achievement which was presented 
in such graphic form by Mr. Hudson Fysh, 
I realise acutely that I cannot offer you 
anything comparable. There can be from 
myself no first-hand account of pioneering 
or achievement, neither am I a competent 
spokesman for any of the organisations 
which have played so great a part in building 
up the British contribution to world aviation. 
You will, I fear, have from me the review 
of one who has spent many years trying to 
help, but at the same time mainly as an 
observer of the deeds and achievements 
which constitute the critical events in a his- 
tory which is surpassing in its quality and 
entrancing in its unfolding. 

Moreover, I have been not only primarily 
an observer, but also an observer from a 
standpoint which is not normally regarded 
as the fount of insight. I am quite unrepent- 
ant, however, in confessing that I speak to 
you from the standpoint of a confirmed 
bureaucrat. You have asked me to deliver 
this Lecture because to-day i am the per- 
manent official responsible for the adminis- 
tration of the British Ministry of Civil 
Aviation, and from that standpoint I can 
perhaps give you a synopsis of the picture 
in its kaleidoscopic sequence, which might 
not be forthcoming from any other source. 
But that means you have to accept the 
position as it has been observed, from the 
standpoint of a public administrator con- 
cerned primarily with efficiency of adminis- 
tration and attainment of long-term policy. 

Such a task calls for qualities and treat- 


720 


ment of a kind other than those needed tor 
an exponent of the direct operational or 
technical approach. You will want from me 
a broad outline of the overall picture with 
a delineation of the strands which go to make 
it up. In other words, I have got to try 
and give you a survey of the status of Civil 
Aviation, first within the United Kingdom, 
then within the British Commonwealth of 
Nations, and finally within the field of inter- 
national Civil Aviation as a whole; but this 
has to be done from the standpoint of a 
government official concerned primarily with 
the development of the national effort within 
the wider fields of the Commonwealth and 
the World. It must thus be a presentation 
concerned with the progressive development 
of Government foresight and the gradual 
guidance of the national effort towards its 
true goal. 

Is there anything to be learned from an 
approach of this character? You have, 
through this Society a series of lectures, such 
as the Wilbur Wright Lectures, where you 
have presented by the most eminent men of 
the day comprehensive surveys of the tech- 
nical aspects of Aviation in all its phases. 
You have Lectures from constructors, 
engineers, operators, pilots, and all the great 
figures of Civil Aviation im action. ‘* Can 
there any good thing come out of Nazareth?”’ 
If there can be any purpose in listening to a 
review given by a government adm‘nistrator, 
it must be because he will for many years 
have sought to foster the activities of those 
men of action. Moreover, I suggest that how- 
ever inadequate may be the presentation of 
such a standpoint, there is nevertheless a real 
advantage to this Society in such a review. 

I make that claim for one basic reason, 
vis., that the government administrator must 
be concerned to get below the surface and 
discern the fundamental forces which are 
regulating the whole moving flux of events 
towards its ultimate destiny. These forces 
may originally be subconscious in character, 
but they are nevertheless there and can be 
discerned and assessed by the right approach. 
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To get to them means a quality of mind and 
training which should be especially developed 
through administration within the field of 
government. That is in fact the answer to 
the critics of the government machinery. 
They fail to realise that the true purpose 
of a government organisation is to get to grip 
with fundamentals and ensure that the action 
flows along lines which will yield the desired 
objective because the fundamental principles 
have not been flouted, but brought into effec- 
tive application as guaranteeing the desired 
end. It is here just as much a case of con- 
quering nature by obeying her as in the field 
of direct action. There is an administrative 
world in which laws of thought and decision 
operate with complete inexorability. Flouted, 
they offer no outcome but disaster; properly 
understood and applied they lend themselves 
firstly to the determination of right objec- 
tives, and, secondly, to their attainment. 

By right objectives I mean those objec- 
tives which are practicable in the nature of 
things and, as such, represent the best that 
are compossible. My audience will perhaps 
forgive me for recalling that “‘compossible”’ 
isa piece of philosophical jargon, connoting 
the inevitability that achievement is limited 
by hard matter of fact; that is best which is 
compossible, 7.e. possible within the limits ot 
hard matter of fact. This in the field ot 
civil aviation seems to me the first cardinal 
principle that we have to apply. Paradoxi- 
cally, we can only venture into the air if 
we first feel our feet on the ground, and 
assess the hard sub-stratum of fact. It is 
only by getting true understanding of the 
fundamentals that we can develop our plans 
for civil aviation to yield the results which 
are best in the end, i.e. those results which 
are compossible within the order of the 
universe as we find it to be. 

Before I attempt to sketch what, on this 
approach, will be the general outline upon 
which this review will proceed, I should per- 
haps add a word about technical jargons, 
since I have already been guilty of a lapse 
in that direction. It has been a source of 


amazement to me for many years how every 
branch of science, art, or any human activity 
always enshrines its own particular jargon. 
The expert or professional, himself adept in 
that jargon, normally has a hearty contempt 
for the amateur who boggles or stumbles 
at the catch-words which hall-mark the 
expert knowledge. That is to me one of 
the difficulties of the age and we are perhaps 
seeing it come into play in civil aviation. 
We may soon come to a stage at which men 
will say that the field of aeronautical know- 
ledge is becoming so wide that no one man 
can hope to have a synoptic review of the 
whole. 

We are in fact in an age when we see the 
tyranny of the specialist. Each claims that 
his own field is critical to the whole and yet 
develops his specialist treatment in terms of 
a jargon which the unlearned can never hope 
to understand. Equally, each claims that 
his own field is getting more and more 
specialist in character and will have to be 
sub-divided into further limited fields for 
more intricate treatment. The process is 
almost akin to that of modern nuclear 
physics. We go on sub-dividing, splitting, 
working out new symbolisms, changed 
theories, fresh concepts, revised ‘‘ultimates’’ 
and so forth. Yet all become more and more 
technical and incomprehensible. What the 
end could be is difficult to foresee. It might 
be just a case of another Tower of Babel 
unless the eagerness of the specialist is 
restrained by the claims of the normal man 
to express his own synoptic appreciation of 
such material as he can glean from the 
specialists’ assessment, despite their use of 
technical terminology. 

This seems to me to be specially true of 
the government administrator. He must try 
and get an overall appreciation of the picture 
with which he is concerned and to weave 
into his general understanding the various 
strands of specialist activity which he sees 
spread out before him. An administrator in 
the field of civil aviation certainly has the 
vista of many fields of specialist work, show- 


721 


ing great results and in no immediate danger 
of breaking into a multitude of unco- 
ordinated activities; but he is still faced with 
a tremendous range of specialist activities. 
The field is so vast that he experiences the 
need for some basic understanding of mathe- 
matics, physics, metallurgy, chemistry, 
engineering, meteorology, geography—not to 
mention the normal requirements of his pro- 
fession, including an insight into human 
psychology. He has to be able to listen to 
the aircraft constructors, the engineers, the 
architects, the airport constructors, the 
operators, the pilots, the navigators, the tele- 
communications experts, the airport mana- 
gers, and so forth. They all talk to him in 
terms of their own technique. They are all 
eager with their achievements to date and 
their hopes for the future. They all firmly 
believe, and rightly so, that in their field 
lies the reason for past success and the hope 
for future achievement. The government 
administrator must endeavour to blend this 
galaxy of efforts aright, to discern the prin- 
ciples which lie within each, to urge them 
forward with the utmost encouragement 
towards objectives which will truly fit in with 
the overall picture, and then, finally, turn 
to advise on Government policy which will 
yield the best overall result and fuse all these 
several strands into co-ordinated 
endeavour. 

This is the basic sort of background against 
which this present lecture will endeavour 
to present the picture. In so doing, I should 
add that I am offering a personal assessment 
of the position and that, although it must 
necessarily be one drawn from nearly forty 
vears of Government service, I am not going 
to be guilty of committing the heinous sin 
of implying that my remarks have any 
official authority. They must be regarded 
as purely a personal assessment. They are 
indeed merely the wrinkles which have 
grown upon me over this period of service. 

Professor Perry of Harvard University has 
recently suggested a movement to show that 
age should be a source of pride and not 
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shame. He urges ‘‘that age should not seek 
to have its face lifted, but should offer its 
wrinkles to the world to be admired as the 
etchings of experience and the firm lines 
traced by character.’’ My wrinkles may not 
fulfil this qualification, but they are here 
offered as the best contribution I can make 
towards the furtherance of the great objec- 
tive so earnestly desired by all here, wis. 
to ensure the future of British Civil Aviation 
and effective Commonwealth participation in 
world aviation. 

I have indicated the sort of general survey 
which this lecture will endeavour to compass, 
I find that my own assessment of the picture 
depends on the development of some nine 
main strands, and I would present the review 
under these heads before attempting any 
general conclusions. Seriatim, these strands 
are as follows:— 

(1) The Governmental Administration of 
the national effort; 

(2) The Governmental approach to the 
International administration of World 
Aviation; 

(3) The problems of ground organisation 
within: 

(a) the United Kingdom 
(b) the Commonwealth and Empire 
(c) elsewhere. 

(4) The creation and operation of technical 
services essential for air services. 

(5) The problems of operational research 


and their possibilities for Civil 
Aviation. 

(6) Aircraft research, development and 
production. 


(7) The financial picture, e.g. costs, rates, 
subsidies and other incidentals to 
airline activities. 

(8) The past development and future pros- 
pects of world and regional airlines. 

(9) The psychological reaction of human- 
ity. 

II. GOVERNMENTAL ADMINISTRA- 

TION OF THE NATIONAL EFFORT 
In the early years of this century, when 
heavier-than-air machines first began to 
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spread their wings over this country, there 
were no laws or statutes specifically directed 
at the control of the new means of trans- 
portation. The rights of the citizen were 
protected by the existing law of the land 
comprised within the three codes of Common 
Law, Equity and Statute, and it was not 
until 1911 that the first Aerial Navigation 
Act was passed “‘ to provide for the protec- 
tion of the public against dangers arising 
from the navigation of aircraft.’’ In these 
pre-Air Ministry days, this Act, and another 
passed in 1913, were administered by the 
Home Office. 


The Civil Aerial Transport Committee 


The War of 1914-1918 gave a_ great 
impetus to the new science of aviation, and 
confirmed the early promise of the aeroplane 
as a transport medium. That the Govern- 
ment of the day was alive to this is evidenced 
by the appointment, in May 1917, of the 
Civil Aerial Transport Committee, under the 
chairmanship of the late Lord Northcliffe. 
This Committee was charged with the task of 
examining civil aviation prospects and the 
regulation thereof, from a domestic, conti- 
nental and Imperial standpoint, as well as 
the extent to which it would be possible to 
utilise military equipment and personnel for 
the purpose following the Armistice. The 
Committee’s Report, presented in February 
1918, was a comprehensive and far-sighted 
document, and was of great value to the 
post-war planners and legislators. 


and Functions 

Department of Civil Aviation 

The legacy of the First World War, with 
its multiplicity of problems and difficulties 
attending the transition from War to Peace, 
and the prospect that many of these prob- 
lems would be concerned with the civil uses 
of aircraft, led the Government to establish 
on 12th February 1919, a Department of 
Civil Aviation within the Air Ministry, which 
had been formed in April 1918. The 
importance attached to this step was 
evidenced by the fact that the first Con- 


The Formation of the 


CEVIL AVIATION 


IN 1946” 
troller-General (as he was then called) of 
the Department was Major-General Sir 
Frederick Sykes, who had previously been 
Chief of the Air Staff. It was he who gave 
to the new offshoot the inspiration and 
strength so necessary for its growth and we 
are all glad that he is still ready to help 
with his great experience and background in 
the solution of civil air affairs. 

It is interesting to recall that while the 
first tasks of the new Department were 
necessarily devoted to the framing of new 
and more comprehensive air navigation 
legislation, these tasks included also such 
questions as the adjustment and redistribu- 
tion of activities between military and civil 
interests, decisions concerning the routes 
which air traffic was most likely to follow, 
and, therefore, the aerodromes which should 
be retained in the general post-war liquid- 
ation. This has a very familiar ring about 
it, as we shall see when we come to discuss 
the current problems of matching ground 
organisation with the needs of rapidly 
developing air services. 

The Air Navigation Regulations, 1919, 
prescribing the conditions under which civil 
flying might take place, were issued on 30th 
April 1919. The wartime ban on civil flights 
was finally removed and Civil Aviation 
officially began on Ist May 1919. One side 
of the work of the Department of Civil 
Aviation was thereafter concerned with the 
administration of these Regulations, but 
even in those early days the primary con- 
centration was on the encouragement of the 
use of air transport and with the promotion 
of British activities in both the constructional 
and transport sides of civil aviation. 


Regulatory Functions 

Although it may have seemed to some 
that the functions of government in the civil 
aviation field tended to be mainly regulatory, 
this was not so, and I propose, indeed, to 


take no more than a brief glance at this side 
of the Department’s work during the 
years between the two World Wars. The 


723 


q 
2 
1 
| 


regulatory matters under departmental 
administration were contained in a series 


of Orders and Directions issued under the 
Air Navigation Acts of 1920 and 1936. The 
Department was responsible also for the licen- 
sing of aerodromes, aircraft crews and air- 
craft engineers, and for the registration and 
certification of civil aircraft. In the exercise 
of these functions, close contact was main- 
tained with other Government departments 
and with representative bodies such as the 
Royal Aeronautical Society, the Royal Aero 
Club, the Society of British Aircraft Con- 
structors, the Aerodrome Owners Associa- 
tion, the Guild of Air Pilots and Air Navi- 
gators of the British Empire, the British Air 
Line Pilots Association, and the Air Regis- 
tration Board, to which I will refer again 
later. 


Private Flying 

I would like at this stage to make passing 
reference to what is known as private avia- 
tion. Progressive steps were taken by the 
Government to encourage and foster the 
development of private flying through the 
medium of the light aeroplane clubs and 
their parent body, The Royal Aero Club. 
You are all familiar with the Government 


Subsidy Scheme for Light Aeroplane 
Clubs. This Scheme, inaugurated in 19235, 
did much to reduce the cost of fiving 


training and practice for the growing band of 
enthusiasts. The scheme culminated in 
1937, in the Civil Air Guard scheme which 
brought pilotage almost within the reach of 
the masses. The measure of success achieved 
by the Government’s efforts may be judged 
from the fact that the number of subsidised 
clubs rose from 5 in 1925 to 63 in 1938. 
Gliding, too, received State recognition and 
encouragement in subsidy form. 


Commercial Aviation 


Turning now to commercial aviation, we 
find that, in the years immediately after the 
first World War, the Government’s praise- 
worthy, but highly premature, dictum that 
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‘aviation must fly by itself ’’ had to yield 
to pressure of circumstances. The few 
struggling British operators of air services 
to the near Continent, though successful 
initially, were forced out of business by the 
heavily-subsidised French company, and 
there was a short period in 1921 when Croy- 
don Airport was used exclusively by foreign 
operators. As a partial remedy, a provisional 
subsidy was introduced which, though 
trifling in comparison with present-day stan- 
dards, served to set some of the British com- 
panies on their feet again. 

In 1922 a new agreement increased the 
subsidy to £105,000 a year. But this proved 


inadequate, and, as an earnest of the 
Government's change of heart, a Civil Air 
Transport Subsidies Committee (better 


known as the ‘‘Hambling Committee’’) was 
appointed in 1923 to review subsidy policy. 
It may be of interest to recall that, in their 
report, the Committee stated that ‘“‘ the 
benefit of competition under these (the 
existing subsidy) schemes was, therefore, 
illusory, and until Civil Air Transport has 
become more nearly self-supporting we do 
not think competition can be relied on unless 
at unnecessary cost, to stimulate its 
development. So far as efficiency of service 
is concerned, adequate incentive should be 
provided by the direct competition of foreign 
companies with large Government resources 
behind them.’’ 

As is well known, the Committee recom- 
mended that the existing three subsidised 
companies and one other unsubsidised com- 
pany should be welded into one organisation 
strong enough organically and financially to 
undertake, with some assurance of success, 
the task of developing our overseas air sel- 
vices. The resulting company—Imperial 
Airways Ltd.—was formed on Ist April 1924, 
and on that date took over the organisation 
and equipment of its constituent companies. 
This was the origin of the theory of the single 
‘chosen instrument ’’ for British air ser- 
vices overseas which (with the exception 
mentioned later) remained the cardinal prin- 
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ciple behind U.K. air transport developments 
between the two World Wars. 

I do not think that it is relevant to this 
brief review to give a detailed account of the 
“‘ups and downs’’ of the newly-formed com- 
pany through the years that followed except 
to remark that it received the constant 
support and co-operation of the Depart- 
ment of Civil Aviation. The maps of 
Imperial Airways routes in 1927 (Fig. 1) and 
in 1938 (Fig. 2) will perhaps suffice to 
illustrate the company’s growth. I must, 
however, say a few words about the Empire 
Air Mail Scheme, not only because it was 
one of the boldest and most interesting steps 
ever taken in an industry that has not been 
lacking in these qualities, but also because 
it illustrates the possibilities of great forward 
steps as and when the time is ripe, through 
the agency of a fully co-ordinated organisa- 
tion given adequate scope. The experience 
was pregnant with significance for the future 
trend of the organisation of world air routes. 


The Empire Air Mail Scheme 


It is to the credit of the British Post Office 
that it has always been prepared to entrust 
mails to a new medium of transport as soon 
as reliability of carriage has been established. 
Accordingly, since 1919, mails have formed 
a part of the pay-load of a gradually-increas- 
ing number of regular British air services. 
In the early years, these mails were sur- 
charged in addition to the standard stamp 
value. In many countries this practice con- 
tinues up to the present time. Great Britain, 
however, saw in the potentialities of air mail 
traffic an opportunity to foster its overseas 
air transport and commerce within the 
Empire. By 1934 it was realised that it would 
ultimately be more economical and a greater 
incentive to air development to carry mails 
without surcharge. It was found, also, that 
the various national Post Offices could calcu- 
late the flow of mail traffic with sufficient 
accuracy to justify long-term contracts. 

From these facts and the operating experi- 
ence gained by Imperial Airways the Empire 
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Air Mail Scheme was conceived, and, despite 
the many attendant difficulties, put into 
operation with eminent success. By this 
scheme, we carried by air all letters between 
the United Kingdom and British Common- 
wealth countries on the Empire Air Routes, 
at the rate of three halfpence per half ounce, 


The essence of the scheme was to give an 
assured load of mail which would warrant 
a considerable increase in size of aircraft 
and frequency of services. The guarantee of 
all first-class mail ensured mails equal to 
45 per cent. of new Empire air services with 
the specially designed Short Empire ‘‘ C”’ 
Class Flying-Boat, on a frequency of:— 

(a) nine per week between U.K. and 
Egypt, 

(b) three per week between U.K. and 
S. Africa, 


five per week between U.K. and 
India, and, 

three per week between U.K. and 
Australia. 

This was a great step forward and enabled 
Imperial Airways to press on with the 
expansion of their organisation. The finance 
of the scheme turned on the operating speed 
adopted. The scheme could be self-support- 
ing if the economic speed of 130 m.p.h. were 
adopted, but the Government rightly decided 
to work on a higher speed of 160 m.p.h. 
with the help of a very modest subsidy. 
This illustrated the right purpose of Govern- 
ment financial aid, viz., to help the develop- 
ing industry to reach forward to the next 
stage beyond that immediately practicable 
economically, and so ensure the progressive 
attainment of new economic goals. Within 
a few years the scheme would have resulted 
in new aircraft types coming into service 
with higher operating speeds and improved 
performance at lower overall costs plus 
expanding revenues. Traffic would have 
created traffic with growth of frequencies and 
the assurance of a guaranteed ballast of mail 
carried at ordinary postal rates for surface 
transmission. 
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Experience, however, has shown that the 
basis of the scheme would itself be out- 
grown. Some countries, e.g. Australia, 
found it better in their special circumstances 
to retain modest postal surcharges; while the 
great potential of passenger traffic now 
reveals itself as the guarantor of its own 
services. With this development and the 
necessary lapse of the “‘ all up ”’ mail prin- 
ciple during the war years, the probabilities 
are that future schemes for co-ordinated 
operation of the Empire Air Routes by the 
Commonwealth operators will be based 
primarily on the economics of passenger 
transport, coupled with surcharged mail 
carriage at rates progressively reduced with 
advances in operational technique but yet 
reflecting the extra advantages given by air 
carriage over surface transmission. This way 
the future seems to lie; but the Empire Air 
Mail Scheme was a great experiment and 
pioneering effort in the development of air 
transport by bold decisions taken at the peak 
of opportunity. The effect of the scheme on 
the total loads and mail loads of Imperial 
Airways is shown in Fig. 3. 


The Cadman Committee 


We must now pass to the subsequent turn 
of the wheel of fortune immediately before 


the recent War. Despite the success of 
Imperial Airways and its implementation of 
the Empire Air Mail Scheme, there were 
signs, in 1937, of dissatisfaction in certain 
quarters with several aspects of the scale 
and operation of U.K. air services. A con- 
tributory factor may have been the com- 
petition created by British Airways, a com- 
pany formed in 1935 to operate services 
within the United Kingdom and to the Con- 
tinent. In 1936 British Airways was granted 
asmall subsidy for the operation of services 
to Scandinavia. This created an anomalous 
situation in that two subsidised British com- 
panies were operating in competition on 
certain routes to the Continent, a state of 
affairs which the Hambling Committee had 
thought unsound 15 years previously when 
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recommending the formation of Imperial 
Airways. 

The Government decided to appoint a 
Committee, with Lord Cadman as chairman, 
to investigate and report on the situation 
generally and also on certain trenchant criti- 
cisms made in a debate on Civil Aviation in 
the House of Commons in November 1937. 

The .Committee’s report resulted in a 
Government decision that Imperial Airways 
and British Airways should be merged in 
a single public Corporation, financed by the 
Exchequer and charged exclusively with the 
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further development of all British services 
overseas, thus re-affirming the central 
Government principle of ‘‘ one chosen 
instrument.’ The Act to create the new 
organisation—called British Overseas Air- 
ways Corporation—received the Royal Assent 
on 4th August 1939, the new corporation 
was formally established on 24th November 
1939, and on Ist April 1940 it took over the 
undertakings of Imperial Airways and 
British Airways. Prior to that date, how- 
ever, the War was upon us, and the entire 
organisation of the Corporation was placed 
immediately at the disposal of the Govern- 
ment, acting through the Department of 
Civil Aviation. 

We shall note later the manner in which 
the post-war situation has led to a modifi- 
cation of principle, whereby zones of over- 
seas services are reserved, each for one 
‘““ chosen instrument,’’ but recognising the 
need to cater for the rapid expansion of air 
services—both geographically and in capacity 
—and thus also to provide for healthy 
rivalry between several ‘‘ chosen instru- 
ments.”’ 

Other Committees 

It is here of interest to note parallel 
developments in other directions. From time 
to time in the history of civil aviation the 
Government have found it desirable to 
invoke the assistance of Committees, to 
whom specific problems have been referred 
for examination. The recommendations 
advanced by such Committees and accepted 
by the Government have, indeed, determined 
to a substantial extent the broad scope and 
character of British air transport. No review 
of governmental administration would be 
complete without a reference to the work of 
these Committees. I have already mentioned 
the Hambling and Cadman Committees, and 
I propose now to say a few words about 
some of the others. 


The Mavbury Committee 
The Committees with which I have dealt 
hitherto were concerned with our overseas 
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services. The Maybury Committee was 
appointed in 1935 to consider the develop- 
ment of civil aviation in the United King- 
dom, the requirements of the Post Office for 
the carriage of air mails in this country, 
and the relation between aviation and other 
forms of transport. 

The Committee’s recommendations gave a 
new mandate to British internal air trans- 
port. The principal recommendation was 
that the existing system of unco-ordinated 
‘air services should be replaced by a licensing 
system designed to ensure an effective service 
to the public while avoiding uneconomic 
overlapping. The Committee recommended, 
also, that Government assistance to internal 
operators should take the form of the pro- 
vision, operation and maintenance by the 
Government, of a comprehensive radio, 
meteorological and air traffic control organ- 
isation in the United Kingdom. 

Following upon the Committee’s recom- 
mendations, the Air Transport Licensing 
Board was established in 1938 and did much 
useful regulatory work before the outbreak 
of war. Considerable progress was made, 
too, with the provision of the technical ser- 
vices recommended by the Committee. 
Furthermore, for the first time, a sum of 
£100 G00 a year was earmarked by the 
Government for subsidies to approved oper- 
ators of internal services. 


The Gorell Committees 
Within the space of six years, two Com- 
mittees sat under the Chairmanship of Lord 
Gore!l. The first, in 1933, was appointed 
to consider a number of civil aviation ques- 
tions concerned chiefly with the control of 
flying.: The most important developments 
arising from the Committee’s Report were:— 
(a) The establishment of the Air Regis- 
tration Board, which has done such 
sterling work in the past 10 years, 
as evidenced by the growing scope and 
volume of the duties assigned to it by 

the Government. 
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Department of Civil Aviation from the 
Air Council to the Secretary of State 
for Air. 

(c) Legislation, in the Air Navigation Act 
of 1936, for compulsory third party 
insurance against damage by aircraft 
to persons or property on the ground. 

The Second Gorell Committee, which 
reported in March 1939, dealt mainly with 
the control of flight over populous districts. 


The War Period 

With the advent of the War, a cloak 
descended upon civil aviation. Private flying 
was prohibited, and the entire resources of 
civil aviation were harnessed to the war 
effort. Only those airlines, internal and 
external, which were considered to be in 
the national interest were maintained. The 
Empire Air Mail Scheme was revised and 
a surcharge system re-introduced. 

The story of the operations, hazards and 
achievements of civil aviation during the 
war years is told in a recent Stationery Office 
publication entitled ‘‘ Merchant Airmen.”’ J 
will have occasion to refer later to some of 
the important changes resulting from the 
War, and I pause here only to note the 
aerial conquest of the Atlantic and Pacific 
Oceans, and the entry of American Air Ser- 
vices into Europe, Africa and India. 


Formation of the Ministry of Civil Aviation 

At this stage it is appropriate, I think, 
to deal with an outstanding event in the 
history of British Civil Aviation, namely, the 
Governmental decision to form an indepen- 
dent Ministry of Civil Aviation. 

Military and civil aviation were jointly 
controlled by the Air Ministry, following the 
establishment of that department in 1918, 
but there had always been continuous pres- 
sure from many quarters for the separation 
ofthe two. During the War the Air Minis- 
tty was perforce preoccupied with the mili- 
tary side of its duties. Yet, as the War 
progressed it became increasingly clear that 
tivil aviation would occupy a place in world 
affairs of far greater importance than that 


which 
war. 


had occupied at the outbreak of 
Similarly, although civil aviation in 
Britain had become submerged beneath mili- 
tary pressure, it was abundantly evident 
that, if Britain was to take her rightful place 
in the air transport world after the War, 
much careful planning and_ preparation 
would be necessary. This planning work 
could not be faithfully overtaken by an 
already over-burdened Secretary of State for 
Air. 

The Government decided, therefore, in 
October 1944, to appoint a Minister of Civil 
Aviation, of Cabinet rank, who would 
‘““ devote his whole time to carrying forward 
the work of planning in the field of civil 
aviation, particularly in its international and 
imperial aspects.’’ The Minister would be 
responsible for formulating the whole policy, 
both short and long term, of civil aviation 
at home and overseas and of ensuring that 
that policy was carried into effect. It was 
decided, also, that while responsibility for 
the design and production of civil aircraft, 
equally with that for military aircraft, would 
remain with the Minister of Aircraft Produc- 
tion, the Minister of Civil Aviation would 
have direct access to him on equal terms 
with the Secretary of State for Air and the 
First Lord of the Admiralty, in order to 
ensure a fair share of available resources for 
civil aviation. 

Lord Swinton, the first Minister for Civil 
Aviation, took up his appointment on 22nd 
October 1944. In the following April a Bill 
to establish a separate Ministry of Civil 
Aviation was introduced in Parliament. The 
Bill received the Royal Assent on 25th April 
1945. In April 1946 the status of the Minis- 
try of Civil Aviation was raised to that of 
a first-class Department, with a Permanent 
Secretary as the senior permanent official. 
After the General Election in July 1945 Lord 
Swinton was succeeded by the present Minis- 
ter, Lord Winster. 

In establishing a Ministry of Civil 
Aviation under a Minister of Cabinet rank 
the Government gave the clearest possible 
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indication of their view of the future of air 
transport, and of their determination that 
the United Kingdom should play a foremost 
part in its future development. Under the 
Act the Minister is charged with the general 
duty of organising, carrying out and encour- 
aging measures for the development of civil 
aviation, for the promotion of safety and 
efficiency in the use of civil aircraft, and for 
research into questions relating to air 
navigation. 


Post-War Policy 

In 1943, while events were indicating the 
need for a separate Ministry of Civil 
Aviation and when the military successes of 
the Allies had brought the end of the War 
within measurable distance, steps were taken 
to review the problems which would have 
to be faced in civil aviation after the War. 
Planning Committees were set up to deal 
with many different spheres of civil aviation 
activity, such as Internal and Overseas Ser- 
vices, Aircraft and Aeronautical Research, 
Air Navigation Regulations, Private Flying, 
Aerodromes and Technical Services. I hope 
to refer later in this Paper to the work of 
some of these Committees, but for the 
moment it appears better to consider the 
Government’s policy towards commercial 
air services. 

Before the late War, internal services in 
the United Kingdom were operated by four- 
teen air transport companies under licence 
from the now defunct Air Transport Licen- 
sing Authority. Eight of these companies 
were owned by, or affiliated to, the four prin- 
cipal railway companies, and six were 
independent. In 1940 it was decided that 
only internal services required in the interest 
of the war effort should be maintained. All 
these, with one exception, had been operated 
before the War by the ‘‘ Railway Group,”’ 
and in order to facilitate negotiation and 
management it was arranged that these com- 
panies should become associated in a single 
consortium called the Associated Airways 
Joint Committee. The one exception to the 
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Railway Group was Allied Airways (Gandar 

Dower) Ltd., which operated services in the 

North of Scotland and did not come within 

the orbit of the A.A.J.C. Overseas services 

were operated as we have seen by Imperial 

Airways and British Airways, shortly after- 

wards combined in the B.O.A.C. 

It seemed likely, therefore, that at the 
end of the War there would be three groups 
of companies actively operating British Ser- 
vices, namely, B.O.A.C., A.A.J.C., and 
Allied Airways. It seemed possible, also, 
that some or all of the remaining pre-war 
independent operators might wish to resume 
their activities. It was essential, therefore, 
that Government policy towards British air 
transport should be reviewed in order that 
a carefully considered development plan 
might be available for implementation as 
soon as possible after the ‘‘ Cease Fire.’”’ 

In March 1945 the Government published 
a White Paper (Cmd. 6605) setting out the 
General Principles applicable to British Air 
Transport. This Paper emphasised that the 
key-note of governmental policy on air trans- 
port was planned order in the air. It revealed 
a positive and progressive policy by stating 
that “‘ our national and Commonwealth 
interests . . . cannot be served by attempting 
to retard or restrict new methods of 
carriage.’’ It accepted as axiomatic the sub- 
sidisation of air services. It laid down the 
requisites of an_ efficient air transport 
organisation, and stated the Government's 
conviction that the policy of a single chosen 
instrument was unsuited to deal with the 
great expansion of the future. It provided, 
therefore, for three Air Transport Corpora- 
tions with the following spheres of respon- 
sibility :— 

(a) Routes between the United Kingdom 
and other Commonwealth countries, 
the United States and the Far East. 

(b) Internal Routes in the United Kingdom 
and routes between the United King- 
dom and the Continent of Europe. 

(c) Routes between the United Kingdom 
and South America. 
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A few months after the publication of this 
White Paper the present Government came 
into power; the general principles laid down 
by the Coalition Government in the White 
Paper to which I have just referred were 
endorsed by the new Government, but tie 
latter made changes in the practical appli- 
cation of these principles. The new Govern- 
ment’s proposals were published in a further 
White Paper (Cmd. 6712) in December 1945 
and were subsequently incorporated in the 
Civil Aviation Act 1946, which received the 
Royal Assent on Ist August 1946. 

The passing of the Act and the debates 
which preceded it will be so fresh in your 
minds that I propose here to take only the 
briefest glance at one or two of its outstand- 
ing features affecting air services. These 
are:— 

1. Air Transport Services are now under 
public ownership and control. 

2. The services will be operated and 
developed by three public Corporations, as 
follows:— 

(a) Empire, North Atlantic and Far East 
Services by B.O.A.C. 

(b) Services to South America by the 
British South American Airways Cor- 
poration. These have been operated 
regularly by British South American 
Airways Ltd. on the assigned route for 
the past six months. 

(c) United Kingdom Internal and Euro- 
pean services by the British European 
Airways Corporation who have already 
been functioning through 1946 under 
the aegis of the B.O.A.C. 

3. Charter Services are not reserved 
exclusively to the Corporations and private 
enterprise is not, therefore, debarred from 
entering that sphere of air transport activity. 

4. An Air Transport Advisory Council 
will be established to which the public will 
be enabled to make representations concern- 
ing fares, rates and the adequacy of the 
service and facilities provided by any of the 
three Corporations. 
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The Government considers that the policy 
enshrined in the Act offers the best guarantee 
to the public of disinterested expansion ot 
the nation’s air services with economy and 
efficiency. I have already mentioned that 
in 1920 the Government of the day held the 
view that civil air services must ultimately 
be self-supporting. Tha. is the view of the 
Government of to-day, and they will seek 
by international agreement progressively to 
eliminate all forms of subsidy. They recog- 
nise, however, that if air transport is to 
fulfil its function of providing services in 
the public interest, some measure of state 
aid may be necessary to support essential 
but unremunerative services. 

The present policy will make it possible, 
as costs of operation are progressively 
reduced, for the taxpayer to receive some 
benefit in return for the assistance he is 
required to provide during the initial period 
of State-aided operation, and, where this is 
essential, to develop uneconomic as well as 
profitable services. But to attain this ulti- 
mate goal of self-sufficiency, Government aid 
may well be needed, and properly given, to 
translate advances in aeronautical techniques 
into operational practice. 

The Act will ensure, also, the implemen- 
tation of the fundamental principle behind 
the Government’s policy, namely, planned 
order in the air. For the present, the plan 
is necessarily a national plan, because the 
nations of the world are not yet ready to 
place their air services under the control 
of a single worldwide owning and operating 
body. The plan has been so framed, how- 
ever, that it can be readily assimilated into 
any future scheme of international organis- 
ation. As I shall shortly explain, arrange- 
ments have been made for the fullest 
co-operation—by means of parallel oper- 
ations—with the Dominions and Colonies. 
Our approach is towards internationalisation; 
but it is an approach only to be made in step 
with our Commonwealth partners and 
through the development of our common 
Empire services. These, we believe, will 


731 


ndar 
1 the 
thin 
vices 
erial 
fter- 
the | 
| 
Ser- 
and 
Iso, 
war 
ime 
re, 
air 
hat 
lan 4 
as j 
red 
the | 
Air 
the 
ns- 
led 
ng 
Ith 
ng 
of 
b- 
he 
yrt 
| 
le 
1- | 
n | 
| : 


demonstrate the needs and possibilities of 
world air transport in the future. 

I think, therefore, that the most appro- 
priate conclusion to this section, and intro- 
duction to the next, would be an extract 
from a speech in the House of Commons 
on 24th January last by Mr. Ivor Thomas, 
Parliamentary Secretary to the Ministry of 
Civil Aviation:— 

‘““, . . The aeroplane ignores frontiers and 
there can be no doubt that the right organ- 
isation for air services is a world air 
authority to own and operate such services. 
This is not only desirable politically, but it 
is desirable on the ground of efficient 
operation. The number of aircraft which 
will be needed for the world’s air services 
is not large when measured by the air forces 
which we have seen in the War, and it is 
folly for each country to indulge in penny 
packets of nationalistic aviation. It would 
be idle to pretend that the nations are ready 
at the present time to entrust their air services 
to an internationally owned operating body. 
Several of the major operating countries 
would be absentees but this is no reason why 
like-minded countries should get 
together to create regional organisations 
whenever this is possible. We must be large- 
minded in civil aviation and cast away the 
impediments of petty nationalism. My Noble 
Friend has endeavoured, and will continue 
to endeavour, to seize every opportunity of 
working towards the goal I have outlined.”’ 


Ill. THE GOVERNMENTAL APPROACH 
TO THE INTERNATIONAL ADMIN- 
ISTRATION OF WORLD AVIATION 

The true and fullest benefits of air trans- 
port, and indeed, of almost all forms of 
civil aviation, can only be achieved on an 
international scale. With a few outstanding 
exceptions, most countries are too limited in 
extent to provide adequate scope for 
economic operation on a purely national 
scale. It is well known that an important 
factor in the success attained by the United 

States of America in the air transport field 
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has been the existence, within the jurisdic- 
tion of one Federal Authority, of sufficient 
territory to permit operations on a scale 
which would be international in most of the 
other regions of the world. 

Other things being equal, economy of 
operation in any form of transport increases 
in direct proportion.to the degree of utilisa- 
tion of the vehicles employed. Distances in 
the United Kingdom, however, are so smal] 
that a considerable limitation is placed upon 
the attainment of a high utility factor in air 
services. Overnight passenger services, for 
example, which have contributed much 
recently to the profitable returns shown by 
American domestic companies, are imprac- 
ticable in a country which can be overflown 
ai its greatest length in two to three hours. 
Similar limitations are encountered in many 
other countries of the world, especially in 
Europe. 


Early International Conferences 

The international service is the logical 
answer to such a situation; obtaining as it 
does all the advantages of the ability of the 
aeroplane to fly long distances at relatively 
high speed, while at the same time achieving 
greater economy of operation. In the days 
of which I am about to speak, these develop- 
ments in air transport were still below the 
horizon. It is the more encouraging, there- 
fore, to find that the need for international 
agreement on the operation, regulation and 
control of civil aviation was recognised even 
before the first flight had been made in a 
power-driven heavier-than-air machine. 

The first International Conference on Ait 
Law, for example, met in Paris in 1889 at 
the invitation of the French Government, 
and at the first Hague Conference in 1899 
a declaration was made prohibiting the dis- 
charge of projectiles from balloons ‘‘or other 
new methods of a similar nature.”’ 

The first step towards the framing of a 
general convention to regulate international! 
air traffic was taken in 1910 when a con- 
ference convened by the French Government 
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was held in Paris by delegates from eighteen 
European countries. The agenda of the 
Conference consisted mainly of executive 
and technical matters, and on one of the 
few political questions which were discussed, 
namely the right of each State to the 
sovereignty of its superincumbent air, the 
Conference failed to reach agreement. As 
has been the case at several later aviation 
Conferences, up to and _ including the 
“ Chicago ’’ Meeting in 1944, the Paris Con- 
ference left a draft Convention which proved 
valuable when efforts to reach international 
agreement were renewed. 

Before 1914, however, the only agreement 
covering any aspect of international air navi- 
gation was one reached between (paradoxi- 
cally, perhaps) France and Germany in 
1913. During the War, the Civil Aerial 
Transport Committee of 1917, which I have 
already mentioned, did much _ valuable 
exploratory work, which was of considerable 
assistance to those legislators whose duty it 
was to frame new air navigation regulations 
at the ensuing Peace Conference. 


Paris, Havana and Other Conferences 

The Paris Conference of October 1919 
resulted in an International Convention 
which is of great importance as the basis 
of international air law. Like its 1910 pre- 
decessor, however, the main provisions of 
this Convention are technical and executive 
in scope, and the contribution of the Con- 
ference towards the advancement of inter- 
national collaboration in the political and 
economic fields was almost negative in 
character. Thus, while it was agreed that 
private aircraft should be permitted freedom 
of transit over the territories of contracting 
States, no similar freedom was granted to 
aircraft operating regular air services, which 
were dependent upon the goodwill (not 
always forthcoming, except at a price) of 
each individual State. 

This decision was reaffirmed at a meeting 
in 1929 of the International Commission for 
Air Navigation (which was established by 
the 1919 Convention and is more popularly 


known in this country and elsewhere as 
I.C.A.N.) when only four of the thirty-eight 
participating States favoured freedom of 
transit for international air transport. 
Notable among countries which did not 
ratify or accede to the 1919 Convention were 
China, Germany, the U.S.A. and the 
U.S.S.R. The U.S.A., however, subse- 
quently became a party to a Pan-American 
Convention on commercial aviation which 
was signed at Havana, Cuba, in 1928. 
Unlike the Paris Convention, that of Havana 
Was continental in application and made no 
provision for a permanent Commission or for 
the unification of technical standards. 

Mention must be made also of one other 
Conference, the International Aeronautical 
Conference, which, originating at a meeting 
between British and French aeronautical 
authorities, ultimately became the official 
European organisation for the consideration of 
detailed operational and technical questions. 

It is not my purpose here to review the 
difficulties and disappointments which 
attended the operation of international air 
transport during the twenty years between 
the World Wars, as a result of the failure 
of the nations to reach a_ satisfactory 
economic agreement. Enough has_ been 
written and spoken on this difficult subject. 
Moreover, the aim of the British Common- 
wealth of Nations is, and has always been, 
co-operation in the air, and while unneces- 
sary ventilation of the subject should not 
prevent us from heeding the lessons of the 
past, the cause of international collaboration 
henceforward is more likely to be served 
by facing the future with fresh minds ready 
to seek agreed solutions for what will be 
new and novel problems. 


International Technical Organisations 


While the political horizon was dark for 
several years after the first World War, the 
advantages, indeed the vital necessity in the 
interests of safety, of international agreement 
in the legal, technical and executive spheres 
became increasingly apparent. I need only 
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mention here such official bodies as the 
various technical sub-Commissions of the 
I.C.A.N., the C.I.T.E.J.A. (Comite Inter- 
national Technique d’Experts Juridiques 
Aeriens), the International Telecommuni- 
cation Union, the International Meteoro- 
logical Organisation and the International 
Labour Office to indicate the extent of the 
progress made. 

Various unofficial bodies such as the Inter- 
national Aeronautical Federation (better 
known in this country by its French title or 
initials, F.A.I.), the International Air Traffic 
Association, the International Air Navi- 
gation Congresses, and the International 
Chambers of Commerce, helped also to 
advance internationalism. All these Asso- 
ciations made a great contribution to the 
cause of civil aviation and to the safety of 
air transport operations. Their labours were 
of inestimable value in the rehabilitation of 
civil aviation after the War which has just 
closed. 

Trans-Atlantic Agreement 

In the 1920’s and 1930’s there were, of 
course, many international agreements 
between individual countries, but these 
agreements were mostly bilateral, and few 
were multilateral. It is, therefore, gratifying 
to record that the machinery of Common- 
wealth collaboration played a foremost part 
in one of the first multilateral agreements 
to be signed in this period. During the 
Imperial Economic Conference held in 
Ottawa in 1932 a committee was appointed 
to consider the question of an air mail service 
across the North Atlantic Ocean. 

Conversations followed between the U.K. 
Air Ministry and the Governments of Canada 
and Newfoundland, and proposals were 
made for co-operation with American inter- 
ests, including arrangements fora preliminary 
service between Bermuda and the United 
States. In due course, an agreement was 
reached in Ottawa in November 1935 
between the Governments of the United 
Kingdom, Canada, Newfoundland, and Eire 
that trans-Atlantic survey flights should be 
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made as soon as possible, and that a joint 
operating company should be formed. An 
understanding was reached with the United 
States for reciprocal landing facilities in the 
territories of the countries concerned. 

The formation of the joint operating com- 
pany was interrupted by the outbreak of 
war, but the experience gained on the trial 
flights across the North Atlantic and the 
comprehensive ground organisation which 
was planned and instituted for these flights 
proved of incalculable value during the War 
which caused their suspension, but only for 
a season. 

Imperial Collaboration 

It was equally the case that Common- 
wealth associations in other regions, and 
particularly in regard to the Empire Air 
Routes, provided a demonstration of the 
possibilities of international co-operation on 
which the future turns. Aeronautical matters 
were, I believe, first discussed between 
Commonwealth representatives at the 
Imperial Conference of 1922. The dis- 
cussions were renewed at the Imperial Con- 
ference of 1926, when Sir Samuel Hoare, as 
Secretary of State for Air, in introducing a 
programme for the development of Imperial 
air transport, pointed out that the Prime 
Ministers of Australia and New Zealand had 
to spend over 60 days each in travelling to 
and from the Conference. Sir Samuel con- 
tinued, ‘‘I am here to-day to press upon 
your attention a new method of transport 
that, although it has only been organised for 
7 years, is one of the most effective instru- 
ments for stopping the waste of time that 
is now weakening the vitality and retarding 
the development of Empire intercourse . . . 
these schemes . . . may give a physical unity 
to the Empire that it has never possessed 
before.”’ 

During the period from 1926 to 1935, 
when the U.K. Government and Imperial 
Airways concentrated on the expansion of 
the Empire air routes, they received the 
whole-hearted support of all the Common- 
wealth countries concerned on these routes. 
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In the first Commonwealth and Empire Lec- 
ture read before this Society last year by 
Mr. Hudson Fysh he gave a vivid descrip- 
tion of the part played by these countries, 
and especially Australia, in the forging of 
Imperial communications and the implemen- 
tation of the Empire Air Mail Scheme. Con- 
currently with the development of joint 
Empire Air Services, all Governments of the 
British Commonwealth have mutually 
collaborated in a common endeavour to 
create international harmony in air transport 
relations. 

Commonwealth Air Transport Council 

These Commonwealth consultations con- 
tinued throughout the late War, and, when 
the time came to consider the shape of the 
post-war world, one of the first actions was 
to convene a Commonwealth Conference, in 
October 1943, at which principles for 
greater freedom of the air on a basis to be 
regulated by an international air authority 
were agreed. It became clear that the closest 
agreement existed between the Common- 
wealth Governments on the general prin- 
ciples which should govern international air 
transport, though differing opinions were 
held as to the practical application of those 
principles. 

Another Commonwealth Conference took 
place in October 1944 at Montreal, where 
the questions considered included a review 
of proposed Commonwealth air routes and 
alternative methods of operating them; the 
relationship between plans for Common- 
wealth co-operation and for international 
regulation; and a proposed International 
Convention to replace those of Paris and 
Havana. 


An important outcome of this Conference 
was the formation of the Commonwealth Air 
Transport Council with a permanent secre- 
tariat in London, to foster co-operation 
between Commonwealth countries in civil 
aviation matters of mutual interest. Sub- 


sidiary Councils have been established to 
deal with problems concerning two or more 


Commonwealth partners, but of more local 
and regional interest. Two such Councils 
have been formed to date, namely, the 
Southern Africa Air Transport Council and 
the South Pacific Air Transport Council 


For the organisation of Commonwealth 
trunk routes the method of parallel operation 
is, in general, to be adopted, the organisa- 
tions concerned in the services sharing 
facilities, pooling revenues and working in 
close collaboration. Notable exceptions to 
this arrangement are the Pacific route, on 
which a tripartite organisation representing 
Australia, New Zealand and the United 
Kingdom will operate in parallel with a 
Canadian organisation; the trans-Tasman 
route, which will continue to be entrusted 
to the tripartite Australian, New Zealand 
and United Kingdom company, Tasman Air- 
ways, which has done such excellent work 
since its formation in 1940; and the services 
radiating to and across the United Kingdom 
from Eire, which are to be operated by a 
joint company, Aer Lingus Teoranta. 


C.A.N.G.O. 


These arrangements should ensure the 
efficient and economic operation of intra- 
Commonwealth services, with the elimination 
of wasteful competition and duplication of 
ground organisation and technical services, 
while at the same time securing that the 
national flag of each of the Commonwealth 
countries is shown throughout the routes 
with which it is céncerned. To plan and 
advise on the technical organisation of the 
Empire routes, a Commonwealth Air Navi- 
gation and Ground Organisation Committee 
(C.A.N.G.O.) has been set up with repre- 
sentatives from the United Kingdom, 
the Dominions and the Colonies. On 
the operators’ side, a Commonwealth Air 
Transport Operators Committee has been 
established to study questions of mutual 
interest and to advise the Commonwealth 
Governments on practical operating prob- 
lems. 
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Problems 

From time to time in the course of this 
Lecture reference has been made to the 
problems which faced the aviation world 
with the approach of the end of the last War. 
I wish now to deal more specifically with 
these problems and with the steps taken 
towards their solution. 

Up till the outbreak of war, the overseas 
and international services of the countries 
of the Western and Eastern hemispheres had 
been confined, with a few exceptions, to their 
respective parts of the Globe: the Americans 
operating in the continents of North and 
South America and westwards across the 
Pacific to Hong Kong, where they touched 
the outer tip of a limb of the Eastern hemi- 
sphere routes, stretched between 
Europe and the Far East. The two spheres 
had not, as yet, been brought into conflict, 
although the first signs of coming events 
could be observed the North Atlantic 
route by the discerning eve just before the 
War. 

Within five years the picture had been 
completely changed, due firstiy to a consider- 
able increase in the range and carrying 


which 


on 


capacity of aircraft, secondly, to the great 
intensification of operations across the North 
and South Atlantic Oceans, and thirdly, to 
the entry of American War Transport Ser- 
vices, in vast numbers, into Europe, Africa 
and India, where they operated side-by-side 
with the existing services in these territories, 
which were at that time predominantly 
British. It became abundantly clear that 
world-wide civil air services after the War 
were no longer a possibility, or even a proba- 
bility, but a certainty. 

Against this background of the future 
pattern of air transport was superimposed 
the seemingly fundamental difference 
between the American and British attitudes 
towards the economic and political control 


of air services, the Americans favouring 
world - wide ‘‘ free - for - all ’’ competition 
(despite the rigid regulation of their 


and the British 


domestic air 


transport) 
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favouring regulated competition. 
shadowing all was the determination to avoid 
a return to the wasteful competition and sub- 
sidy wars which darkened the arena in 
former years. 

In such a situation the old Paris and 
Havana Conventions were totally inadequate, 
A new Convention, with world-wide appli- 
cation, became essential. As we have seen, 
the main defect of the earlier Conventions 
was their inadequate provision for inter- 
national regulation in the economic field, 
since they dealt principally with technical 
matters. 

These matters were discussed at a number 
of exploratory talks between those Gover. 
ments which were specially interested in the 
development of post-war air transport. These 
discussions indicated a substantial measure 
of agreement on such important subjects as 
the right of transit and non-traffic stops, the 
control of rates and competitive practices, 
the gradual curtailment of subsidies, the 
need for uniform operating and safety stan- 
dards, the use of airports and facilities on a 
non-discriminating basis, and the operation 
of airports and facilities in certain areas of 
the world, 


United Kingdom Proposals 

With these ideas in mind, the British 
Government, in October 1944, published a 
White Paper setting out a plan for the order- 
ing of post-war air transport. This plan pro- 
posed that there should be a new multilateral 
Convention, providing for the multilateral 
grant of four main operating privileges, 
which have become known as the “‘ first four 
freedoms of the air.’’ These are:— 

1. The privilege to fly across a country’: 

territory without landing. 


2. The privilege to land for non-trafiic 
purposes. 


3. The privilege to disembark passengets, 
mail and cargo taken on in the ail 
craft’s home country. 
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4. The privilege to embark passengers, 
mail, and cargo destined for the air- 
craft’s home country. 


The White Paper proposed that the fifth 
freedom — the privilege to carry traffic 
between two foreign countries—should con- 
tinue to be the subject of bilateral negotia- 
tion. To eliminate uneconomic competition, 
it was proposed that international air routes, 
frequencies and their distribution among the 
countries concerned, should be determined 
by an international authority, which would 
be responsible also for fixing fares and rates. 


The Chicago Conference 1944 

Shortly before the publication of this White 
Paper, the United States Government had 
issued an invitation to an International Civil 
Aviation Conference. This invitation received 
a very encouraging response, and represen- 
tatives of fifty-four nations met in Chicago 
in November 1944 to make arrangements for 
the immediate establishment of provisional 
world air routes and services, to set up a 
Provisional International Civil Aviation 
Organisation, and to draft a new Convention. 


Early in the Conference it became evident 
that agreement was not going to be readily 
reached on the economic control of inter- 
national air transport. Four main proposals 
were put before the Conference, three of 
these coming from the British Common- 
wealth and sponsored, respectively, by the 
United Kingdom, Canada, and Australia and 
New Zealand. These plans were discussed 
and discarded, and it gradually became clear 
that the principal difficulty centred on differ- 
ences between the American and British con- 
ceptions of the control of fifth freedom traffic. 
The Conference failed to reach agreement on 
this subject, which was finally referred to 
anew International Organisation for further 
study. 

The United States Delegation then tabled 
Wo agreements :— 


1. The International Air Transport Agree- 
ment, which provided for the unrestricted 


reciprocal grant of all five freedoms between 
the countries signatory to it. This Agree- 
ment was eventually signed by the U.S.A., 
14 Latin American and 8 other countries, 
but not by any Commonwealth country. To 
date it has been accepted by 16 countries, 
but on 25th July 1946 the United States 
Government intimated its intention to with- 
draw from the Agreement at the end of the 
requisite one year’s notice. 

2. The International Air Services Transit 
Agreement, which provided for the recipro- 
cal grant of the first two freedoms. This 
Agreement met with considerable support 
and was signed by a large number of coun- 
tries, including the United Kingdom, all the 
Dominions and the United States. To date 
29 countries have notified acceptance of this 
Agreement. 

Even though it was not possible to obtain 
complete agreement on measures to ensure 
the orderly growth of international air trans- 
port, the Chicago Conference accomplished 
many solid achievements, foremost of which 
was the establishment of a Provisional Inter- 
national Civil Aviation Organisation and the 
drafting of a new Convention to supersede 
the Paris and Havana Conventions. When 
the requisite number of ratifications of the 
new Convention have been notified, this 
Organisation will become the Permanent 
International Civil Aviation Organisation, 
with headquarters in Montreal. 

The P.I.C.A.O., to use its more popular 
title, is charged, among other things, with 
the duty of keeping up-to-date the many 
technical annexes to the Convention. Much 
valuable work to this end has already been 
accomplished, including the holding of three 
Regional Conferences covering the North 
Atlantic, European - Mediterranean and 
Caribbean Regions. 


After Chicago 
After the Chicago Conference it became 
necessary, in the absence of a multilateral 


Convention, for nations wishing to operate 
international services, to negotiate agree- 
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ments with those countries through which 
the services would pass. Many bilateral 
agreements of this nature have been signed 
to date, the terms and scope of the agree- 
ments varying according to the attitude of 
the countries towards the regulation of air 
transport activity. Quite naturally, the 
United States and those countries sharing 
its views aimed at agreements granting the 
fullest freedom of operation, whereas the 
British Commonwealth and other countries 
pursued their aim of planned order in the 
air. 


The Bermuda Agreement 

With such a development, there was a 
growing risk that the air transport world 
would become divided into two opposing 
camps, and it became more than ever neces- 
sary for Britain and America to compose 
their differences. Accordingly, early this 
year, delegations from the two countries met 
in Bermuda. By dint of goodwill and a 
conciliatory attitude on both sides, a bilateral 
agreement was signed providing for the 
operation of air services between United 
States and United Kingdom territories. 

This agreement was satisfactory to both 
countries. It reconciled the desire of the 
United States, on the one hand, to avoid 
any regulation which might be construed as 
restrictive of the full exploitation of air trans- 
port by private enterprise, and the desire of 
the United Kingdom, on the other hand, 
that international services should be 
developed on an orderly basis which would 
eliminate wasteful competition. 

The Conference tackled the controversial 
issue of fifth freedom traffic. The Agree- 
ment acknowledges the right to carry this 
class of traffic, but provides that capacity 
offered should be related to the traffic 
demand between termini and en route, after 
taking account of local and regional services. 
It was agreed, also, that the principle for 
which the United Kingdom stood, namely, 
the maintenance of a close relationship 
between capacity offered and traffic demand 
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could best be put into practical effect by 
an ex post facto review on the basis of this 
principle. Machinery for close and con- 
tinuing collaboration between the two 
Governments was established to this end. 


Neither country achieved every point in | 
its policy, but both countries did achieve | 


their main objectives. The fact that the 
British and the Americans have reached 
common ground should greatly facilitate the 
eventual conclusion of a multilateral con- 
vention for the economic regulation of air 
transport. It is the joint U.S.-U.K. view, as 
stated at the P.I.C.A.O. Assembly last May, 
that the Bermuda principles offer a suitable 
basis for a World Convention. Such a Con- 
vention would go some way towards a realis- 
ation of the ultimate aim of the British 
Government, which is an international oper- 
ating Organisation for all long-distance 
routes, with regional Organisations on an 
international or national basis for medium, 
short-range and domestic routes. 

Pending this happy outcome, and in com- 
mon with the U.S. Government, the U.K. 
Government will seek bilateral agreements, 
based on the Bermuda pattern, with all 
countries to or through which it is desired to 
operate British services. It will be the object 
to ensure that these agreements will thus 
embody the general principles on which 
U.K. policy is based, namely, the full, but 
orderly, development of air transport 
throughout the world wherever and when- 
ever it will confer social, economic or 
humane benefits on mankind. 


Significance of Bermuda Agreement for the 
Future 
It is important that there should be a 
general appreciation of the significance of 
the Bermuda Agreement for future inter- 
national understanding in the field of air 
transport. It is not a question of two coun- 


tries coming to an understanding which they 
think would necessarily form a pattern for 
wider adoption. 

It would be idle, however, to pretend that 
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the pre-Bermuda position did not represent 
a seemingly irreconcilable and fundamental 
difference of outlook between two opposed 
schools of thought crystallised in the 
respective U.S. and U.K. policies. These 
schools of thought were deemed funda- 
mental because they represented in broad 
the standpoint of the Western and Eastern 
hemispheres. If the gap could be bridged 
it would open up real possibilities for further 
and wider international discussions which 
might well bear fruit for a more complete 
approach to the ultimate objective, viz. a 
multilateral convention under the aegis of 
P.1.C.A.O. as the international authority set 
up by the nations. 

The difference in outlook reduced broadly 
to the standpoint of (a) complete freedom 
for commercial enterprise to develop air 
transport services relying upon an ultimate 
balance between supply and demand; as 
opposed to (b) the urge to safeguard legiti- 
mate national interests within a co-ordinated 
international control whereby the growth of 
air transport services should be regulated on 
an ordered basis and made subject to a 
proper sharing of capacity which would be 
operated in step with increasing demands. 

The opposition between the two schools is 
obvious, especially if the attempt under (b) 
to establish an ordered pattern could only be 
carried through by means of determination 
of capacity to be operated before the event. 
This would necessarily mean keeping free 
enterprise within a system of regulation 
which would be increasingly irksome, while 
the methods would inevitably tend to be 
restrictive. On the other hand, there had to 
be, in the eyes of the second school, an 
ordered approach to prevent the extinction 
of the smaller carriers with their legitimate 
aspirations to serve national interests and 
equally to avoid the danger of rate wars, 
coupled sooner or later with all the 
undesirable features of subsidy competition. 

The Bermuda Conference showed that the 
two nations who had become the primary 
exponents of these two schools of thought, 


could come to a mutual understanding which 
proved that their fundamental tenets were in 
fact not incompatible. The Bermuda Agree- 
ment defined a number of fundamental prin- 
ciples to regulate the development of air 
services. These principles, as already 
indicated, embodied the fundamental prin- 
ciples which had been set out at Chicago as 
desirable characteristics of the ordered 
pattern which everyone desired for inter- 
national regulation of air transport services. 
There is, in fact, nothing fundamentally new 
in the enunciation of these principles; it was 
in the method of their application that the 
novelty lay. 

Instead of control before the event, 
there was stipulated that freedom in develop- 
ment of services should be in accordance with 
those principles. The national air carriers 
would be given freedom to develop their 
services on the understanding that they 
would apply the Bermuda principles. Given 
mutual goodwill and understanding the two 
nations felt convinced that this freedom 
would not be abused. Nevertheless, pro- 
vision had to be made against possible abuse 
and also against the probability that genuine 
misunderstanding might develop about the 
legitimate application of those principles. 
Here lay the vital solution. All such appre- 
hensions could be resolved by machinery 
whereby an aggrieved party could have his 
complaint properly ventilated and settled as 
soon as a situation developed in which his 
legitimate interests seemed to be imperilled. 

The machinery arranged consisted in 
agreement between the two Governments 
that either could, after satisfying itself that 
the interests of one of its carriers were 
adversely affected contrary to the principles 
of the agreement, or that those principles 
had otherwise been infringed by the carriers 
of the other country, make representations 
to the other for the ventilation and clearance 
of the difficulties. Failing an agreement 


between the two Governments the dispute 
would be referred to P.I.C.A.O. 
authority, 


as the 
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report on the whole matter. With such an 
advisory report the prospects of final agree- 
ment between the two Governments would 
obviously be reasonably assured. 

Thus instead of prior control with all the 
inherent and cramping connotations feared 
by the advocates of free enterprise there was 
substituted machinery for an ex post facto 
review and adjustment designed to meet the 
apprehensions of those previously insistent 
on the need for regulated control before the 
event. Though this simple solution might 
not be universally appropriate, there was 
nevertheless opened up the way for rapid 
development of services which might well 
create new traffic demands by means proved 
through age-long human endeavour to be 
the best means of stimulating growth, but 
yet the whole adventure would move for- 
ward along the lines of a pattern of ordered 
development, so rightly emphasized at the 
Chicago Convention as essential to the future 
of international air transport. 

With the clearance of this situation there 
has opened up the opportunity for explor- 
ation among all the nations, through the 
machinery of P.I.C.A.O. of the possibility 
of finding a solution to the difficulties which 
have hitherto stood in the way of a multi- 
lateral convention. Such a solution would 
avoid all the difficulties and embarrassments 
of the present system of bilateral negotiations 
between each pair of nations interested in 
the air routes of the world. 

The future of air transport may well turn 
on the successful negotiation of such a multi- 
lateral convention, and herein lies one of 
the reasons for the great importance which 
attaches to the existence of the international 
organisation called ‘‘ Provisional,’ pending 
the ratification of the Chicago Convention 
and the establishment of the permanent 
organisation. 


Provisional International Civil Aviation 
Organisation 
It would be fitting to close this section by 
a reference, even though it must necessarily 
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be brief, to the outstanding significance of | 
the creation of P.I.C.A.O. Its predecessor, 
the I.C.A.N., the executive organ of the 
Paris Convention, achieved remarkable 
results between the wars in framing and 
co-ordinating international requirements in 
the various technical fields. But its work 
was circumscribed by the absence of repre- 
sentatives of certain great Powers and by 
the restrictive interpretation of the Paris 
Convention in relation to regular air trans- 
port services. P.I.C.A.O. does not labour 
under similar disabilities, and the Chicago 
Conference which founded it will rank in 
history as one of the great landmarks of civil 
aviation by reason of its creation of this 
international organisation, which will, we all 
hope, endure for many years to come as the 
central machine for co-ordinating on the 
international plane the host of common prob- 
lems confronting the nations of the world in 
matters of air transport. 


It is unnecessary to this audience to dis- 
cuss the critical value of the P.I.C.A.O. 
machinery for the determination of common 
standards of airworthiness, rules of safety 
in the air, air navigation co-ordination and 
all such kindred matters. No world air routes 
can hope to exist without international 
machinery of this character. 


Equally, it is becoming clear to-day, as 
we will discuss in later Sections, how funda- 
mental is the matching of ground organis- 
ation to the air services which use it. Air 
services have to travel over far-flung dis- 
tances and the nationals of one State need 
the facilities of ground organisation provided 
by many others. Often those countries 
who have airports most critical for world air 
routes are themselves not interested in those 
routes to the same extent as the larger 
nations. It is impracticable to expect small 
nations to carry heavy financial burdens for 
the benefit of the large. There has to be 


international machinery for bringing adjust- 
ment into this region and the work of 
P.I.C.A.O. in shaping the pattern of ground 
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organisation for world air services will be 
all-important. 

Turning again to the question of the air 
services themselves, we have already seen 
the importance of the preliminary effort at 
Bermuda to apply in working practice the 
fundamental principles of world air trans- 
port so clearly brought into the foreground 
at the Chicago Conference. P.I.C.A.O. 
must be the home for the further study of 
progressive application of these fundamental 
principles and the further developments 
which will almost certainly be worked out 
by the central staff and organisation of 
P.I.C.A.O. That staff must be continually 
at work reviewing the situation in all its 
phases and ready to advise the assembly of 
the nations when it comes to take its decision 
in common council. 

If we are to see true nationalism in the air 
there can be no question but that the 
machinery of P.I.C.A.O. must be fostered 
and encouraged to go forward with confi- 
dence that it can operate with the assured 
support of all member states who will more 
readily apply the principles and acts of 
common agreement because they themselves 
have taken a close and active part in their 
elaboration. 


IV. THE PROBLEMS OF GROUND 
ORGANISATION 


(4) THE UNITED KINGDOM 

The full implementation of all the plans, 
policies and agreements for future air ser- 
vices requires the provision of a first-class 
ground organisation consisting of aero- 
dromes, visual aids to navigation, and tech- 
nical services, such as radio, meteorological 
and air traffic control facilities. These have 


their own particular problems for the admin- 
istrator, and I propose to consider them 
under the separate general heads of, first, 
aerodromes, and second, technical services. 
I have adopted this distinction chiefly for 
the purpose of clarity in presentation, for, as 
we shall see, the two are closely related and 


in practice do not lend themselves to such 
rigid separation. 


Early Aerodrome Development 


To enable us to see the aerodrome prob- 
lems with which we are faced to-day in their 
true perspective, I must refer briefly to the 
past. The story of aerodrome development 
in this country between the two world wars 
provides an illustration of the results of 
unco-ordinated and spasmodic growth. If 
we examine the various reasons which led 
to the establishment of aerodromes during 
that period, we find, first, that in 1924, of a 
total of seventeen civil aerodromes, five were 
owned and controlled by the State and the 
remaining twelve were privately owned 
either by aircraft manufacturers or by 
enthusiastic private aircraft owners. There 
were no internal air services, so that there 
was, then, little or no demand from that 
quarter for aerodromes. 

The first modest wave of aerodrome 
development originated in 1925 from the 
Light Aeroplane Club movement, whose 
needs in terms of space and operational 
equipment were naturally very limited. 
From 1928 onwards, in response to official 
encouragement from the Government and 
unofficial pressure from aeroplane clubs and 
prospective airline operating companies, the 
interest of municipalities was awakened and, 
by degrees, new and better aerodromes were 
constructed. By 1936, 30 municipal aero- 
dromes had been licensed for public use, and 
this number had risen to 43 by the summer 
of 1939. 

From 1933 onwards the airline companies 
took a hand in establishing aerodromes in 
localities which did not already possess such 
facilities. To reduce expense, these aero- 
dromes were as small as was consistent with 
safe operations by the types of aircraft then 
in use. Moreover, the dictates of competition 
sometimes led, unfortunately, to  dis- 
criminatory abuses, and there were several 
instances where two aerodromes were estab- 
lished by different companies to serve one 
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comparatively small town. The growing 
needs of the aircraft manufacturers for flight 
testing facilities were reflected in the creation 
of a number of aerodromes, mostly in the 
‘* private ’’ class. 

We find, then, that by the summer of 1939 
there were 121 licensed civil aerodromes of a 
permanent nature, distributed, by owner- 
ship, roughly as follows:— 


State 
Municipalities ... 
Airline Companies os 
Aircraft Constructors ... 12 
Private... 17 


Sundry Commercial Firms 13 


Total 121 


But while the growth of aerodromes was 
steady, and government advice was readily 
afforded, there was no planned pattern 
behind it, and aerodromes were located and 
developed more or less haphazardly to the 
plans of the particular owner. The same 
absence of planned co-ordination marked the 
earlier development of internal air services. 
As a result, of the thirty municipal aero- 
dromes which had been licensed by July 
1936, only eighteen were used by airline 
operating companies, who were using, in 
addition, twenty-five privately-owned aero- 
dromes. Complaints arose, naturally, from 
the neglected municipalities, who found that 
their public-spirited enterprise was liable to 
prove a costly burden on their ratepayers. 
The other municipalities, though rather 
more fortunately placed, complained that 
their revenues fell far short of their expendi- 
ture on aerodrome upkeep and interest on 
capital cost. 

I should explain here that, while the 
Department of Civil Aviation gave all 
possible advice to prospective aerodrome 
owners, it had no statutory power to formu- 
late and implement a national aerodrome 
development scheme. Thus, while the May- 
bury Committee made recommendations, 
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which had been implemented in part betore 
the outbreak of war, for the co-ordination 
of scheduled air services, no similar measures 
for the overall planning of aerodrome 
development had been taken up to the 
summer of 1939, when the War put a tem- 
porary end to the civil aerodrome problems 
of the municipalities and others. 


Wartime Changes 


The six years of the War witnessed in this 
country an aerodrome construction pro- 
gramme whose extensiveness and intensive- 
ness are unlikely to be equalled at any other 
time in its history. Furthermore, the 
remarkable advances made during the War 
in the size and performance of transport 
aircraft had created ever-increasing demands 
upon the critical dimensions, zoning of flying 
approaches and technical equipment of 
aerodromes. Whereas in 1939 hard-surfaced 
runways were little more than a gleam in 
the operator’s eye, they had become by the 
end of the War almost a sine qua non for 
safe and regular transport operations. 


Post-War Problems: Finance 


Let us, then, consider the problems which 
these war-impelled changes created for the 
administrator, and the ultimate solution to 
which they inexorably led. Firstly, Finance. 
In 1939 the cost of providing a first-class 
transport aerodrome of “‘ standard ’’ dimen- 
sions varied, according to location, 
topography and other circumstances, between 
£300,000 and £450,000. In 1946 the cost 
of providing a ‘‘ Continental ’’ Class aero- 
drome, with a single set of runways, would 
vary roughly between £750,000 and 
£1,250,000, while a ‘‘ Trans-Ocean ’’ one 
runs into many millions. A corresponding 
increase has taken place, also, in the 
respective maintenance costs. 

Before the War, aerodrome ownership and 
operation was regarded as a legitimate field 
of municipal and private enterprise. It was 
recognised that it was unreasonable to expect 
aerodromes to show a profitable return in 
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their early stages, and that they were invest- 
ments which would in time bring social and 
economic benefits to the communities they 
served. Modern costs, however, have 
removed the possibility of aerodrome owner- 
ship, beyond that of small airfields for local 
and private flying, to a point outside the 
financial capacity of all but the largest cities 
in the country. Moreover, any attempt to 
recoup maintenance and overhead costs by 
appropriate user fees would impose a 
crippling burden upon commercial operators. 


Disturbance 

The second group of problems arises from 
the greatly increased area of land that is 
required for a modern aerodrome, which at 
an acreage of 600-700 represents more than 
a two-fold increase over the largest 1939 
requirements. The land utilised for aero- 
dromes is denied to other important needs, 
such as housing, agriculture and recreation, 
and, in our densely populated country, this 
creates problems of the greatest complexity, 
involving careful planning and_ close 
co-ordination between the many interests 
involved. 

The difficulties have been accentuated by 
the operational characteristics of the modern 
aeroplane, which necessitate the imposition 
of strict limitations upon the permissible 
height of structures within the flying 
approaches and in the immediate vicinity of 
aerodromes. Some of these problems might 
be solved, of course, by locating aerodromes 
away from urban areas, but this at once 
devaluates the greatest asset of air travel, 
namely, speed. The size of modern aero- 
dromes and the need for achieving the most 
advantageous siting in terms of access time 
to the centre of population may cause inter- 
ference with existing roads, and the expense 
and inconvenience of re-siting have to be 
balanced against the needs of aviation. 


War Legacy 


Thirdly, we have the legacy of aerodromes 
At the end of 


developed for war purposes. 
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1946" 


the War, the Government was ‘in possession 
of a large number of aerodromes no longer 
required for military purposes. Many of 
these, situated remote from centres of popu- 
lation, are not convenient for civil use. Most 
of those which are conveniently situated will 
need extension and improvement. Almost 
all the wartime aerodromes have _hard- 
surfaced runways, which make conversion of 
the land for other purposes extremely diffi- 
cult. 

A complicated financial problem arises 
from the fact that many aerodromes have 
been improved for war purposes at State 
expense while on requisition, and extended 
on requisitioned land with many freeholders. 
With the solution of some of the problems 
in this class, civil aviation is, of course, not 
concerned, but the high cost of modern aero- 
dromes, in terms of both finance and dis- 
turbance, demands a close co-ordination, in 
the interests of national economy, between 
the requirements of military and civil 
aviation and recourse to joint-user aero- 
dromes will obviously be desirable whenever 
practicable. 


Nationalisation of Aerodromes 


There are many other problems, but I do 
not wish to labour this recital, so I will 
pass to the final problem which impelied the 
Government to what was the only practicable 
solution for all these problems, in the 
interests of British air transport. This final 
problem arose from the Government’s 
decision to nationalise the air transport ser- 
vices of this country. In consequence, it 
became imperative to ensure that the free 
and full implementation of the Government’s 
air transport plan was not stultified by the 
lack of modern aerodromes, suitably located 
and adequately equipped and staffed. It 
was decided, therefore, that the ownership 
and operation of aerodromes required for 
scheduled services must be undertaken by 
the State. It will be recalled that, following 
the recommendations of the Maybury Com- 
mittee, the Government had aready under- 
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taken to provide all the technical and 
operational aids required by British internal 
services, and it was a natural development 
of this policy that the State should own the 
aerodromes at which these facilities were 
established. Furthermore, commitments for 
providing suitable ground organisation at the 
designated airports for international services 
operating to and through the United King- 
dom have been accepted by the Government 
under the P.I.C.A.O. arrangements. 

The detailed plan under which the State 
aerodromes will be organised has not yet 
been finalised, but present proposals visualise 
that the United Kingdom will be divided 
into four Divisions, comprising (1) Scotland, 
(2) Northern England and Northern Ireland, 
(3) South and West England, (4) London 
and East England. The principal object of 
this Divisional Organisation will be to secure 
local efficiency and co-ordination through 
decentralisation, and to relieve the Ministry 
of Civil Aviation Headquarters of a volume 
of day-to-day work which can more effec- 
tively be performed with the intimate know- 
ledge of local conditions which will, in time, 
be acquired by the Divisional staff. Each 
Division will be in charge of a Divisional 
Controller, who will be responsible for the 
efficient operation of all aerodromes and 
technical services in his territory. He will 
be assisted by a staff of experts on the 
various technical services. 

Each aerodrome will be controlled by one 
Aerodrome Commandant. Machinery will 
be established for consultation with local 
interests on aerodrome matters, and it is 
intended to use this machinery to enable 
local authorities to be associated with the 
provision of airport amenities. It is envisaged 
that the aerodromes should become centres 
of attraction for the public generally, as well 
as for the airline passenger. The aerodrome 
buildings will include provision for lounges, 
restaurants and other vantage points from 
which the public may watch the flying. At 
the. bigger aerodromes, such facilities as 
shops, post office, cable office, bureau de 
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change, and theatre ticket agency will be 
available. The buildings will be designed 
so as to combine maximum efficiency with 
aesthetic appeal. 


It would appear that, when the present 
nationalisation proposals have been fully 
implemented, there will be, in all, upwards 
of one hundred State-owned and operated 
aerodromes in the Divisional Organisation. 
The London Airport and other existing State 
civil aerodromes will be absorbed into the 
new Organisation. 


Designated Airports 


I remarked a few minutes ago that the 
Government, as an adherent of the Interim 
and International Air Services Transit Agree- 
ments concluded at Chicago, have accepted 
obligations to provide the airports and ancil- 
lary facilities required for international air 
services. Under these Agreements, each 
country reserves to itself the right to nomi- 
nate the particular airports which are to be 
opened to international air services, without 
discrimination as to nationality or to rates 
charged for landing fees. Such airports, 
known as “ designated ’’ airports, are to 
be selected with due regard to the route on 
which the services operate. The airports will 
be equipped to internationally agreed stan- 
dards which are being carefully examined by 
P.I.C.A.O., with a view no doubt to being 
prescribed as standards for international 
observance. 


The Government intend to co-operate to 
the fullest degree in putting the standards 
and procedures into effect. Standards will 
be recommended for all classes of aerodrome, 
and, in due course, the majority of State 
aerodromes in the United Kingdom will be 
modified and enlarged to ensure that, as far 
as possible, they are in conformity with 
international usage for the classes of air 
services concerned. With other countries 


doing the same, a valuable development will 
have been achieved towards the increased 
safety of air transport operations. 
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Flying-Boat Bases 

I have made no reference, hitherto, to 
flying-boat bases, which, so far as they are 
required in the United Kingdom for air 
transport services, will be included in the 
Government’s nationalisation scheme. In 
former times, it was accepted that any area 
of comparatively sheltered water was suit- 
able for flying-boat operations. Visual and 
non-visual aids to approach and _ landing 
were usually primitive. 

It is now recognised, however, that if 
flying-boats are to be operated on a sound 
commercial basis they must be able to com- 
mand operational and terminal facilities that 
are in no sense inferior to those provided for 
landplanes. This implies an alighting area 
possessing freedom from rough water, swell, 
floating debris and surface craft, desiderata 
which are normally obtained only in a. non- 
tidal lagoon, which, moreover, facilitates 
berthing and docking. 

The predominant part played by the land- 
plane during the late war, combined with 
the advantages which it normally possesses 
over the flying-boat in the smaller and 
medium sizes, appeared at one time recently 
to indicate the temporary occlusion of the 
boat. During the past ten years, however, 
the United Kingdom and the Empire have 
been valiantly served by the Empire flying- 
boat, and the British Government recently 
showed their continued faith in flying-boats 
by placing an order with Saunders Roe Ltd. 
for three large boats, designated the ‘‘ Saro 
45,’’ which, I believe, will have a gross 
weight approximately five times that of the 
Empire ‘‘ C ’’ Class flying-boat. 

This decision required that measures be 
taken to provide a suitable operating base 
for the ‘‘Saro 45.’’ Accordingly, an 
independent Committee, under the chair- 
manship of Lord Pakenham, was appointed 
early this summer by the Minister of Civil 
Aviation to review the various proposals 
which had been submitted, and to recom- 
mend the site possessing the greatest advan- 
tages for the development of a permanent 
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flying-boat base. This Committee submitted 
its Report within seven weeks of its appoint- 
ment. 

The Report is being studied by the 
Minister, but it will be appreciated that a 
scheme of this magnitude will affect the 
interests of a large number of government 
departments, and it may be some time before 
the Minister will be in a position to make 
an announcement. 


(B) COMMONWEALTH AND EMPIRE 
AERODROMES 


The landing places and ancillary ground 
facilities used for the ‘‘ path-finding ”’ 
flights, which were the forerunners of the 
Empire routes, were mostly created by the 
Royal Air Force specifically for the purpose. 
The advent of the Empire air services, how- 
ever, called for more comprehensive arrange- 
ments in the form of permanent aerodromes, 
adequate in size and equipment, and spaced 
at frequent and regular intervals along the 
routes. 

This task was attended with great physical 
difficulties, but it was gradually and labori- 
ously accomplished by the British Govern- 
ment working in the closest collaboration 
with local administrations. In 1935, as a 
result of the decision to change from land- 
planes to flying-boats on the Empire routes, 
25,000 miles of ground organisation had to 
be replanned and a chain of alighting areas 
developed. This momentous task was 
accomplished with commendable speed and 
by the middle of 1938 flying-boats were 
operating from the United Kingdom to 
South Africa, to India and to Australia. 

The ground organisation of the Empire 
routes stood the Allies of the late war in 
good stead, and provided a ready-made 
foundation on which the great military rein- 
forcement airways to India and the Far East 
were expanded and developed. 

In tackling the future problems of ground 
organisation in the Commonwealth and 
Empire, the actions of the responsible 
Governments 
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745 


j 
| 
| 
| 
| 


achievement of the two following require- 

ments :— 

(1) The provision of adequate ground 
facilities for the Empire civil air trunk 
routes. 

(2) The preservation of the strategic mili- 
tary routes throughout the Empire. 

Recent war experience has demonstrated 
the importance of the latter consideration, 
while we have already seen that in our 
domestic aerodrome plans the relentless 
pressure of economics has compelled us to 
consider to what extent the joint needs of 
military and civil aviation can be met on 
a sharing basis. This consideration operates 
with even greater force on the Empire routes, 
on which the military and civil services lie, 
to a substantial degree, along the same 
paths. 

Some of the aerodromes on these routes 
are, perforce, located in remote or sparsely- 
inhabited regions, and it would be financial 
imprudence to ignore the savings of joint- 
user facilities. This applies to almost all 
types of ground organisation, except build- 
ings and communications. The civil and 
military requirements differ so radically from 
each other in terms of accommodation that 
separate provision becomes essential. More- 
over, such provision adds little to the total 
cost. It remains to be seen to what extent 
duplication can be avoided in the provision 
of communications, where the military and 
civil systems have differed hitherto. 

Some aerodromes on the Empire routes 
are located in Colonies and Dependencies 
which may be unable or unwilling to bear 
the cost of large aerodromes which may be 
of little benefit to the local community. In 
such cases, it may fall to the United King- 
dom taxpayer to meet the cost of the 
requisite facilities for the benefit not only of 
Commonwealth civil aviation but of foreign 
airlines. 

Once more I must refer to the obligations 
arising under P.I.C.A.O. to provide desig- 
nated aerodromes and_ other facilities 
required in British territory for international 
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services. Where local resources fail, for one | 
reason or another, to meet these require. | 
ments, the British Government may consider | 


it to be the duty of the United Kingdom to 
make provision. In that event, every 
endeavour would be made to use the facili- 
ties for the further development of jointly- 
operated Commonwealth services. 

The aerodrome problems arising in the 
United Kingdom as a result of the War will 
arise, also, in some or all of the Dominions 
and Colonies, though to a different degree. 
In many of these the post-war problem may 
be eased by the legacy of military aero- 
dromes. Canada, South Africa and some 
other countries on the other hand may have 
difficulty in utilising, economically, all the 
aerodromes built under the Commonwealth 
Air Training Scheme. 

While many fine transport aerodromes 
exist at strategic points throughout the Com- 
monwealth, there are indications that few of 
these possess runways of the length required 
by the future aircraft types which will even- 
tually go into service on the Empire routes. 
This, naturally, raises a fresh crop of 
difficulties, not least of which will be the 
consideration of the factors for and against 
modification of the aircraft’s performance to 
fit the physical limitations of the existing 
aerodromes. This, of course, is one of the 
perennial aviation questions, to which an 
answer has been sought for at least the past 


twenty years, and I shall return to it later. 


(c) THe Wortp 

The ground organisation requirements of 
world-wide air transport will undoubtedly 
create a number of problems for the inter- 
national legislators. Some of the smaller 
foreign countries which lie athwart the inter- 
national trunk air routes may be unable or 
unwilling to undertake their full responsi- 
bilities, as adherents to the Chicago Agree- 
ments, for the provision of aerodromes for 
international air services. P.I.C.A.O. has 
wisely provided that such countries may 
apply to P.I.C.A.O. for financial, technical 
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and other assistance in meeting their com- 
mitments. If, after a careful investigation 
of the case, the Council of P.I.C.A.O. are 
satisfied that assistance is justified in the 
interests of international civil aviation, the 
Council may eventually be in a position to 
airange accordingly under financial arrange- 
ments sponsored by P.I.C.A.O. 

GENERAL 

In concluding this Section of my Lecture, 
I wish to touch upon one or two general 
problems, which appear to the administrator 
to be calling urgently for solution. 

Firstly, there is the question, to which I 
referred a moment ago, of whether anything 
can be done to limit the progressive increase 
in the critical aerodrome and alighting area 
dimensions. In this connection it is illumin- 


P.I.C.A.O. RECOMMENDATIONS REGARDING 


IN 

dimensions had increased to 3,900 feet for 
the no-wind runway and the recommended 
load-bearing capacity to 5,600 pounds per 
square foot. During the War the upward 
curve continued and the position to-day is 
that P.I.C.A.O. has prescribed standard 
minimum dimensions for six classes of aero- 
drome, as set out in Fig. 4, which shows 
also the respective load-bearing capacities 
recommended by P.I.C.A.O. 


P.I.C.A.O. is devoting considerable study 
to this problem but a permanent solution will 
be reached only when P.I.C.A.O. stipulates 
to aircraft designers ‘‘ Thus far and no 
farther,’’ and the nations of the world agree 
to employ only aircraft types which can 
safely use the authorised facilities. 

Unlike shipping and railways, aviation has 


AERODROME RUNWAY LENGTHS AND LOAD- 


BEARING CAPACITIES 


Recommended Lengths. Recommended 
Aerodrome Gross Weight 
Reference Instrument First Subsidiary | Second Subsidiary Capacities 
Letter. Runway. Runway. Runway. (all runways). 
Feet. Feet. Feet. Pounds. 
A 8,400 7,000 5,900 300,000 
B 7,000 5,900 5,000 200 000 
C 5,900 5,000 4,200 | 135,000 
D 5,000 4,200 3,500 | 90,000 
E 4,200 3,500 3,000 60,000 
F 3,500 3,000 2,500 40,000 
G 3,000 2,500 2,100 25,000 
Fig. 4 


ating to recall that in February 1929, in a 
pamphlet entitled ‘‘ Notes on the Location, 
Size and General Requirements of a Site for 
a Permanent Aerodrome ”’ the Air Ministry 
stated that the dimensions of an aerodrome 
to be used by the larger types of aircraft 
should not be less than 1,800 feet in all 
directions, and should, if possible, be 2,400 
to 3,000 feet. The aerodrome surface should 
have a load-bearing capacity of 2,250 
pounds per square foot. In January 1935 
a revised pamphlet repeated this advice. 

By 1937 the recommended minimum 


not yet achieved stabilisation in its terminal 
facilities, and considerations of prestige and 
the commercial advantages to be reaped from 
technical supremacy will only yield before a 
wisely conceived and long-term plan, recon- 
ciling national and international aspirations 
and needs. It may well be that revolu- 
tionary changes in aircraft design or in auto- 
matic instrument landing devices, or in the 
means of propulsion, will in time open the 
way to a solution of the difficulties; but in 
this field and before such an audience, I am 
the instructed and not the instructor. 
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Comparison of Landing Area Dimensions, 1929-1946. 
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A second problem exists in the need for 
determining the relationship to be estab- 
lished, from a safety point of view, between 
the performance characteristics of the air- 
craft and the size of the landing area that 
it needs. P.I.C.A.O. has produced certain 
formulae, but considerable study and discus- 
sion appear to be required before universal 
agreement is reached. May we commend 
this to our friends the experts. 

Thirdly, but, I fear, by no means finally, 
the benefits of increased aerodrome capacity, 
resulting from the provision of multiple run- 
ways, carry in their train problems in air 
traffic control and in the control of aircraft 
movements on the ground, especially in poor 
visibility conditions. 

It is, however, a source of considerable 
comfort for the future to observe the extent 
to which the provision of international air- 
ports, planned and developed to meet long- 
term needs, is already taking concrete shape 
throughout the world. The leading countries 
in international civil aviation are already 
engaged in creating such airports, to be open 
to all nationals of member states of 
P.I.C.A.O. who have subscribed to the 
International Air Services Transit Agree- 
ment. 

The United Kingdom and the Dominions 
are in no way behind in this development, 
and we in this land have every reason to 
be proud of the foresight and enterprise 
which is behind the creation of the London 
Airport. Already it is functioning efficiently, 
and when finished it will be worthy of the 
best traditions of this great country. 


V. THE CREATION AND OPERATION 
OF TECHNICAL SERVICES ESSEN- 
TIAL FOR AIR SERVICES 


HIsTORICAL NOTES 


(A) InN THE UNITED KINGDOM 

Turning now to the other aspects of 
ground organisation, namely, the radio, 
meteorological and air traffic control ser- 
Vices, there has not been the same variation 
in national policies governing the creation 
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and operation of these technical services as 
in the case of aerodromes. The following 
remarks must, in the nature of the case, be 
more a catalogue of the problems to be faced 
rather than a review of achievements. 

From the earliest days of air transport in 
the United Kingdom, the provision and 
operation of technical services has been 
almost exclusively a Government responsi- 
bility. The Meteorological Office, which 
first came under State control in 1854 and 
was transferred to the Air Ministry in 1919, 
placed its facilities whole-heartedly at the 
disposal of civil aviation immediately after 
the first World War, and has continued since 
then to provide an increasing flow of 
meteorological information for the use of the 
civil pilot, both at home and for services 
overseas. 

Radio stations for communication with 
civil aircraft were first provided by the Air 
Ministry in 1920 at Croydon, Pulham, 
Lympne, Castle Bromwich, Manchester and 
Renfrew. It is interesting to note that the 
last three Stations were provided to assist 
internal services, which did not materialise. 
The six Stations just mentioned were not 
equipped to give directional guidance, and 
the value of that now universal form of radio 
aid was slow to receive recognition. A radio- 
directed flight in 1923 between Paris and 
London without sight of the ground was 
recorded at that time as a ‘‘noteworthy 
event.”’ 

As the network of internal air services was 
gradually extended, radio facilities, which 
for a number of years had been confined to 
assisting operations on the London-Continen- 
tal routes, were establshed at a few selected 
places in the United Kingdom. Initially, at 
least one municipality contributed towards 
the annual cost of a Government radio 
station at its aerodrome, but in 1934 the Air 
Ministry obtained authority to provide a 
radio “‘ network ’’ at State expense. 

In 1937 the Government accepted the 
Maybury Committee’s recommendation that 
Government assistance to internal airlines 
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should take the form of the provision, main- 
tenance and operation of radio, control and 
meteorological services on a comprehensive 
scale. This policy has since been maintained 
and extended, and the quality of service pro- 
vided has, I understand, gained the unani- 
mous approval of the operating companies. 

The first radio aid to approach and land- 
ing, consisting of a Marconi very high 
frequency track beacon or “‘ localiser ’’ with 
associated marker beacons, was installed at 
Heston aerodrome in 1935. In the following 
year a similar system and also a Lorenz 
Beam Approach system were installed at 
Croydon for comparative test purposes. New 
types of beam approach systems, based on 
principles differing from these earlier systems 
and employing visual as well as oral 
presentation to the pilot were, of course, 
developed during the War and are in use 
to-day. 

While the State undertook the responsi- 
bility of providing the ground organisation 
required for radio and other aids, the 
expense of providing, maintaining and 
operating the corresponding airborne equip- 
ment was considered to be the responsibility 
of the aircraft operator. Under the Air 
Navigation Regulations the carriage of the 
means of maintaining radio communication 
with the ground is obligatory for commercial 
aircraft carrying 10 or more persons includ- 
ing the crew. 

An Air Traffic Control Service was first 
established at Croydon in 1922, but for 
many years its activities were confined to 
assisting aircraft flying on the London- 
Continental routes. As late as 1936 Govern- 
ment contro] had been provided at only one 
other aerodrome, Heston, though several 
municipalities had, with Air Ministry appro- 
val, appointed air traffic control officers at 
their aerodromes to minimise the risk of col- 
lision, which had become a serious problem 
in the vicinity of aerodromes. 

As a consequence of the Maybury recom- 
mendations, the Air Traffic Control Service 
was organised as a State service under the 
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Department of Civil Aviation and a training 
school for control officers was set up. The 
first waterborne Air Traffic Control Station 


in the United Kingdom was inaugurated at 


the Empire Air Base, Southampton Water, 


in September 1938. The Control was exer- 


cised jointly with the Southampton Harbour 
Board. 


(B) ON THE EMPIRE ROUTES 


Until adequate radio aids to navigation 
were available in the United Kingdom, the 
pilots of the regular services developed a 
high degree of skill in the art of ‘‘ contact” 
flying. On the Empire routes, however, 
with their long stages on which landmarks 
were few, the provision of navigational aids 
was imperative from the outset. 

The nucleus of a radio, meteorological and 
air traffic control organisation was formed 
in 1927, and by 1933 radio stations were 
located about every 250 miles along the 
routes from the United Kingdom to India 
and to South Africa. Further considerable 
expansion resulted from the implementation 
of the Empire Air Mail Scheme. 

Mention has already been made of the 
ground organisation developed for the North 
Atlantic trial flights, whose great range pro- 
vided new problems for the technical 
experts, who have coped with the difficulties 
with alacrity and skill. 

The provision of ground organisation 
along the Empire routes has been under- 
taken by the United Kingdom and Dominion 
Governments within their respective terti- 
tories; but the administrative arrangements 
elsewhere have varied according to the 
willingness or ability of the Governments 
concerned to undertake the responsibilities 
involved. 

It had been the hope that each country 
would accept the responsibility within its 
own territory, but this has proved to be prac- 
ticable only in part. While some countries 
undertook to provide that part of the organ- 
isation lying within their territories, others 
preferred to make financial contributions 
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within prescribed limits. In the main, and 
particularly in regard to the Colonies and 
Dependencies, the United Kingdom had to 
meet the remaining part of the cost. The 
total incidence of cost falling on the United 
Kingdom Government has thus been heavy. 

The technical services were operated, 
according to circumstances, either by the 
local administrations, by Imperial Airways 
staff, or by U.K. Government personnel. 
The scheme involved many years of careful 
planning, difficult negotiations and hard 
work on the part of the administrations con- 
cerned, to whom the success of the scheme 
will be a lasting tribute. 


(c) ELSEWHERE 

In the years between the Wars other coun- 
tries were creating and expanding their 
ground organisations concurrently with the 
Commonwealth developments which I have 
just reviewed. In Europe and in the Empire 
a considerable measure of standardisation 
was achieved by the I.C.A.N. in respect of 
those countries which were signatory to it. 
In the Western Hemisphere, however, where 
no technical standards of general application 
existed, the American system of radio ranges 
was used extensively for navigational pur- 
poses. 


Wartime Developments and the Need for 

Standardisation 

As in nearly all other branches of aviation, 
the late War gave a tremendous impetus to 
the development and perfection of naviga- 
tional aids. The range of modern aircraft 
and the reliability of the ground aids make 
international services possible now on a scale 
and at an intensity which, twenty years ago, 
was practicable only on a national scale. If, 
therefore, international services are to be 
operated with ‘‘ national ’’ safety and regu- 
larity, the same degree of standardisation 
must be achieved. In aircraft operations and 
pilotage, familiarity breeds, not contempt, 
but safety and regularity. 

For example, one of the reasons advanced 


IN 


in favour of the printing of international 
aviation maps with the contours in feet 
instead of metres was that English and 
American printed maps were used by the 
Allied Air Forces during the late War and the 
majority of the aviation community, includ- 
ing non-English-speaking nationals, have 
become accustomed to the English method. 
This custom or usage was considered by the 
operational experts to be a factor of some 
importance in the quick decisions which have 
to be made by pilots. So it is with the other 
mechanics of aircraft operations. If a pilot 
has to cope with different navigating and 
landing systems, procedures, regulations, 
symbols, signals and so on in every country 
to or through which he flies, speed, regularity 
and even safety will be jeopardised. It 
seems, therefore, that the nations must aim 
at standardisation throughout the world. 


One result of the technical advances of 
the War is that we now have almost a super- 
abundance of navigating systems from which 
to choose. While the advantages and dis- 
advantages of each system for military pur- 
poses have been tried and proved, it does 
not follow that the systems are equally suit- 
able, or unsuitable, for civil air transport. 
A period of trials and tests will be required 
before each system can be evaluated, and 
the financial as well as practical consider- 
ations can be carefully assessed. 


Standardisation Problems 

The first problem that we encounter in 
our endeavour to achieve standardisation is 
that different technical services do exist 
to-day in many different countries of the 
world, and that even where a similar system 
or type of equipment is used by two coun- 
tries, the operating procedure may differ to 
an important degree. For example, British 
aircraft and crews visiting the U.S.A. are 
compelled to carry certain equipment and to 
be versed in certain procedures applicable 
to operations in the U.S.A. but not required 
in the United Kingdom or elsewhere. The 
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Americans probably have a similar com- 
plaint about their flights to the United King- 
dom and Europe. 


We have noted earlier in this Section that. 


before the War the countries of the Western 
Hemisphere generally favoured the radio- 
range type of navigating aid, whereas in 
Europe and other parts of the Eastern Hemi- 
sphere the ground direction-finding tech- 
nique had been in use for many years. 
Countries which were able to continue and 
develop their air transport operations 
throughout the War naturally favour those 
radio aids and methods to which they have 
become accustomed. 

In many European countries, particularly 
in those which are suffering from the after- 
math of a long period of enemy occupation, 
serious financial considerations have an 
almost overwhelming influence on_ their 
approach to this problem. Some of these 
countries, and some of the smaller and less 
opulent countries outside Europe, are finding 
that their desire for first-class ground aids 
must yield to the pressure of economics. 

In this problem we have a parallel to that 
facing P.I.C.A.O. in arranging provision of 
the very costly aerodromes that are required 
throughout the world for international air 
transport. Small countries may be unwilling 
or unable to accept responsibility for pro- 
viding a costly ground organisation which 
will inure chiefly to the benefit of other 
countries. The solution of this problem will 
demand all the resourcefulness and diplo- 
macy of P.I.C.A.O. 

The language difficulty has been brought 
sharply into focus by wartime developments, 
especially by the very extensive use which 
is now made of radio telephony for approach 
and landing control purposes. This problem 
is indeed a formidable one, whose solution 
is not only an integral part of the standard- 
isation problem but almost an essential pre- 
liminary. 


Air Traffic Control Problems 


Let us glance now, for a moment, at some 
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of the problems confronting the individual | 
technical services. The Air Traffic Control 
Service is faced with the task of adjusting 
itself to meet the changed conditions intro- | 
duced by the long-range aircraft, by the | 
potentially great increase in aerial traffic of | 
the next few years and by the development | 
of multiple runway aerodromes. 

As a contribution towards the solution of 
the ‘‘ long-range ’’’ control problem, the | 
Ministry of Civil Aviation has proposed to | 
P.I.C.A.O. the creation of Upper Flight 
Safety Regions to facilitate the passage of 
aircraft flying long distances non-stop over 
congested territories, such as Europe, by 
obviating the need for such aircraft to pass 
through a multiplicity of small area or air- 
way controls whose communication channels 
may be already fully loaded. One would 
expect to see an increasing use of this type 
of control system. 

The great improvement in radio aids to 
approach and landing, and in the technique 
governing the use of such aids, will permit 
a gratifying increase in the number of aero- 
drome movements which can be accommo- 
dated with safety in poor visibility. This in 
turn has necessitated the creation of new and 
more meticulous systems of aerodrome and 
approach controls. 

The dangers of collision which may arise 
in the future will require the very careful 
co-ordination, by the Air Traffic Control 
Service, of the movements of all classes of 
aircraft, whether commercial, private, or 
military. The practical difficulties of a univer- 
sal control of this nature are considerable, 
and the U.K. Government would be reluc- 
tant to have to subject private aircraft to 
more rigid controls. Nevertheless, it is clear 
that a much more positive air traffic control 
system than that operated at present will 
become essential a few years hence. 
Problems of the Telecommunications 

Service 

The problems of the radio and telecom- 
munications service are mainly those con- 


rs 
halle ) 
) 
| 
| 


lividual | 


Control] 
1justing 
S Intro- 
by the 
‘affic of 
opment 


ition of 
m, the 


osed to | 


Flight 
sage of 
Over 
pe, by 
to pass 
or air- 
annels 
would 
is type 


to 
hnique 
permit 
f aero- 
ommo- 
This in 
and 
and 


y arise 
careful 
ontrol 
ses of 
Of 
niver- 
rable, 
reluc- 
aft to 
clear 
ontrol 
t will 


cerned with providing aircraft flying over 
long ranges with a positive indication of their 
position, and of providing longer range 
ground-to-air and point-to-point communica- 
tions. Developments in both these directions 
are proceeding rapidly. 


Problems of the Meteorological Service 


The increased range, speed and altitudes 
of flight pose greatly increased problems for 
the Meteorological Service. These problems 
are concerned chiefly with the collection of 
basic data, particularly in remote parts of 
the world, with the collection of upper air 
information, and with the provision of the 
requisite communications facilities. 


“Briefing’’ Service 

A new service for civil aviation, the need 
for which has become apparent during the 
War, is the provision of information at each 
airport for the “‘briefing’’ of air crews before 
departure. The service consists principally 
of supplying air crews with up-to-date navi- 
gational, radio and meteorological informa- 
tion relating to their proposed route. 
Formerly, pre-flight information of this 
nature was provided either by the Air Traffic 
Control Service or by each operating com- 
pany, but there is an increasing tendency to 
organise these facilities centrally, as a State 
service, at each airport, where it will be 
available for all air crews, both commercial 
and private. 


Charter and Private Fliers 

I have made little reference so far in this 
section to the ‘‘ charter ’’’ operator and the 
private flier, but this does not imply that 
their needs will require less consideration 
than those of the airline companies. Indeed, 
when conditions and prices have become 
more stable, the non-scheduled aircraft may 
create a greater problem for the air traffic 
control service than the regular operators. 

The radio aids carried by charter and 
private fliers are unlikely to be as compre- 
hensive or as standardised as those of the 
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scheduled operator, the crews will, in 
general, be less familiar with standard pro- 
cedures, and the language difficulty may 
assume embarrassing proportions. Very 
careful plans must, therefore, be prepared 
to meet the special difficulties which may be 
created by this heterogeneous population of 
charter and private aircraft. 


C. C.A..and PAC 


In the radio and telecommunications field 
considerable progress towards standardisa- 
tion has been made at a series of Common- 
wealth and Empire Conferences on Radio 
for Civil Aviation, known, in short, as 
C.E.R.C.A. Three conferences have been 
held to date, with which the United States 
have been associated, while the U.S.S.R. 
have shown a considerable interest. The 
fourth C.E.R.C.A. Conference was opened 
on 26th September, 1946. A permanent 
secretariat for C.E.R.C.A. has been estab- 
lished in London, and P.I.C.A.O. has paid a 
tribute to the valuable preparatory work 
done by this organisation. 

It is to P.I.C.A.O., however, that we must 
ultimately look to achieve that standardisa- 
tion which is so essential to the full 
realisation of the benefits of international air 
transport. It is encouraging to note that the 
technical problems are being tackled by 
P.I.C.A.O. with an energy and resolution 
which must, I feel sure, receive much of 
their driving force from the President, Dr. 
Edward Warner. Technical questions are 
the responsibility of the Air Navigation 
Committee of P.I.C.A.O., which has already 
made considerable progress towards the 
preparation of agreed Standards and Recom- 
mended Practices, and, in addition, has held 
three very successful Regional Conferences. 

These three Conferences are the fore- 
runners of a series which, when completed, 
will have reviewed and discussed the local 
technical problems of all regions of the 
world. The first Conference, at Dublin, 
considered the problems of the North Atlan- 
tic Region; the second, in Paris, considered 
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the European-Mediterranean Region; and 
the third, which has just been held in Wash- 
ington, D.C., considered the Caribbean 
Region. 

The work of the Air Navigation Com- 
mittee, and of its parent body, requires and 
will receive, I am sure, the whole-hearted 
support of all the Commonwealth Govern- 
ments. P.I.C.A.O. has many difficulties to 
overcome. Time presses, for unless operating 
and technical standards are introduced soon 
or an international scale, nations and hemi- 
spheres will become wedded, through sheer 
practical necessity, to those systems which 
have been employed as a temporary expedi- 
ent to get the national and international air 
services into action once more after the war- 
time moratorium. 


VI. THE PROBLEMS OF OPERATION- 
AL RESEARCH AND THEIR POS- 
SIBILITIES FOR CIVIL AVIATION 


Introduction 

During the War a small proportion of the 
scientific effort of the country was engaged 
on operational research. In the R.A.F., 
for example, operational research began in 
September 1939 with a small nucleus of 
scientists at Fighter Command engaged upon 
the analysis of radar performance and oper- 
ational efficiency, and developed until it 
embraced a variety of problems in Home 
and Overseas Commands. The Navy, the 
Army and the Services of our Allies made 
profitable use of operational research teams. 

Success in operational research was not 
least in matters of air warfare. Results 
achieved, for example, in Coastal Command 
on problems connected with the anti-U-boat 
warfare, in Fighter Command with the 
development of the radar system, and in 
various Commands on the accuracy of 
bombing, fully justified the small outlay of 
scientific personnel involved. 

There is very definite need for a similar 
application of the same technique of objec- 
tive scientific analysis to Civil Aviation. 
There are grounds for believing that oper- 
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ational research can be of greater benefit to 
Civil Aviation now than it was to Military 
Aviation during the War. During the next | 
few years operational research should be of 
particular value to British Civil Aviation in | 
view of the many problems to which | 
adequate solutions will have to be found. 


Definition 

Before discussing some of the problems it | 
seems desirable to define precisely the role 
of operational research. So far as Civil 
Aviation is concerned, operational research 
is, firstly, research on air operations directed 
towards the formulation of future operational 
requirements and towards providing assist- 
ance to experimental Research Establish- 
ments in meeting and anticipating require- 
ments, and, secondly, research to assist in 
the planning and policy of future air 
operations. 

It is the function of the operational 
research officer to carry out this research; 
it is the responsibility of the appropriate 
executive authorities at the Ministry, the 
Corporations and in Research Establishments 
to ensure that full use is made of the results 
of the research. As operational research 
scientists are concerned as far as is practic- 
able with obtaining and analysing data from 
actual operations, the results obtained form 
an objective assessment of performance of 
equipment and personnel, or adequacy of 
facilities, under actual operating conditions. 

Much of the operational research in Civil 
Aviation, particularly research relating to 
domestic operating problems, is likely to be 
carried out by the Corporations themselves. 
Some operational research will certainly be 
performed at the Ministry of Civil Aviation, 
particularly on questions where co-ordination 
of results from all operators is necessary. 


Aircraft Design 


There are a number of problems connected 
with aircraft design to which operational 
research might usefully contribute. For 
example, on the rather fundamental ques- 
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tion as to the optimum size and characteris- 
tics of the civil air liner of the future for 
various classes of service, a considerable 
body of opinion and experience influences 
current design, but intensive analysis and 
correlation of a large mass of information 
accumulated in the course of operations on 
all relevant aspects—economic as well as 
technical—will be required if the most satis- 
factory answers are to be available for future 
design. The results of such research should 
be available to all operators. 
In view of the advances being made in 
aircraft speeds, ceilings and operating ranges, 
information on many detailed points reflect- 
ing on aircraft design is wanted by the 
Research Establishments. In some cases the 
data sought may come from analysis of 
passenger and aircrew opinions; in other 
cases the information will be derived from 
the fitting of special instruments to opera- 
tional aircraft. Accelerations gusts, 
accelerations in taking-off and landing, rate 
of descent during the last few feet before 
touch down, and severity of icing conditions 
are four items where fitment of recording 
instruments will yield data. 
Generally speaking, the required data 
must be accumulated from all operators in 
order to ensure a sufficiently large and repre- 
sentative sample. The analysis of such data 
and its transmission to technical research 
personnel in a suitably digested form would 
be a useful function of operational research. 
Among actual problems where analysis of 
facts and opinions may prove valuable are:— 
(a) maintenance and servicing as affected 
by aircraft design; 

(b) maximum reasonable total weight allo- 
cation for special safety equipment; 

(c) characteristics of aircraft associated 
with air sickness, comfort and fatigue; 
and 

(d) instrument layout. 


Navigational Aids 
Navigational problems are particularly 
susceptible to operational research. So far 
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as navigational aids are concerned, there are 
at present a number of possible radio and 
radar systems for long, medium and short 
range navigation. Performance assessment 
is a necessity if the true value of a particular 
system is to be determined in relation to 
the particular service it has been designed to 
perform. During the War, analysis of the 
performance of navigational aids in relation 
to wartime navigational requirements was 
carried out by various operational research 
sections. 

There is real need for the continued analy- 
sis of performance, both of existing systems 
and of systems which may be introduced 
in the future. It is to be noted that Ameri- 
can operational research has recently com- 
pleted a large and fairly comprehensive 
investigation of the potentialities of a new 
Loran system—the Low Frequency Loran 
system. 

Regularity and reliability in civil air ser- 
vices throughout the year are essential if an 
increasing public demand for air transport 
is to be encouraged. A sufficient degree of 
regularity and reliability will not be attain- 
able unless satisfactory aids to landing under 
conditions of poor visibility are developed. 
Several radio and radar systems which meet 
requirements to a greater or lesser degree are 
in existence or are being developed. Analy- 
sis of the performance, operational reliability 
and merits or demerits of each system is 
important to Civil Aviation. 


Air Traffic Control 


Already in the U.S.A. air traffic control 
presents a problem of some magnitude, and 
the time is in sight when it will become a 
problem in Europe. Radar equipment to 
enable traffic control to determine the posi- 
tion of aircraft within a given radius of an 
aerodrome is already in existence—here 
again analysis of performance in relation to 
the operational requirement is necessary. 
Further, when aircraft have landed there 
still remain ground control problems con- 
cerned with the taxi-ing of the aircraft to 
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the point of disembarkation without inter- 
fering with the continued flow of arrivals 
and departures. Analysis of the perfor- 
mance of various systems of controlling air- 
craft movements on the aerodrome is likely 
to prove necessary. 


Terminal Delays 

To permit the maximum utilisation of air- 
craft, the dead time at aerodromes should 
be reduced to a minimum. Cause and effect 
in gross and slight delays, unduly long 
stand-off, taxi-ing, turn-round times, and 
efficiency in disembarking, unloading, refuel- 
ling, reloading and embarking are all factors 
which might be studied. One particular 
problem here concerns the efficiency of 
mechanical loading and unloading devices. 

Closely allied to the problem of terminal 
delays is that of eliminating delays in the 
terminal building and on the journey 
between the aerodrome and the nearest 
centre of population. This has been and is 
one of the most frequent sources of com- 
plaint by air passengers. Considerations 
which govern the siting of large aerodromes 
place physical limitations upon the ultimate 
time-saving that can be effected, but there 
is ample scope for investigation in this field 
as well as in that of minimising the time 
occupied by official and company’s formali- 
ties at the aerodrome. We go to great pains 
and expense to knock one hour off the air 
journey time; it behoves us to see we do 
not waste it on the ground. 

Certain classes of personnel problems lend 
themselves to scientific analysis. For 
example, in the Royal Air Force problems 
affecting air crew efficiency, intensity of flying 
and length of the operational tour have been 
investigated with considerable success. The 
training of personnel also raises many 
important problems. Parallel problems which 
might be investigated undoubtedly exist in 
Civil Aviation. 


Conclusion 
This brief survey has not by any means 
covered the possible field of operational 
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research in Civil Aviation in its entirety, but 
it perhaps suggests the part which opera- 


tional research has to play, as one member | 


of a large team, in obtaining the maximum 
efficiency from civil air transport operations, 
It will be sound policy to encourage opera- 
tional research, both within the Ministry of 
Civil Aviation and in the Air Transport Cor- 
porations, ensuring, of course, that the work 
done by the former does not intrude upon 
that rightly the responsibility of the latter. 


VII. AIRCRAFT RESEARCH, DEVEL. 
OPMENT AND PRODUCTION 
The historical record reveals that the 


Government has been actively and intimately 
associated with research, development, 
design and production of aircraft since the 
industry’s earliest days. The Army Aircraft 
Factory, as it was then called, was estab- 
lished at Farnborough in 1908. One of its 
original functions was the design and pro- 
duction of aircraft, and I believe there are 
some who consider that it was a retrograde 
step when ‘‘Farnborough’’ abandoned this 
side of its activities in favour of greater 
concentration on pure research and develop- 
ment problems, and that despite its invalu- 
able work in the latter sphere, the benefits to 
the industry and aviation in general might 
have been even greater if Farnborough had 
retained also its participation in the more 
practical day-to-day difficulties of design and 
production. 


Because of the great potentialities of the 
aeroplane as a weapon of war, governmental 
interest in the design and production of air- 
craft in the past has tended to be centred 
primarily on military requirements. In the 
period between the two World Wars, Govern- 
ment support and encouragement of the 
development of civil aircraft was sporadic, 
and there was no serious governmental 
attempt to create and build up a civil branch 
of the aviation industry until the Cadman 
Committee indicated the probable results of 
past neglect and strongly recommended 
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State assistance to encourage the develop- 
ment of suitable types of civil aircraft. 


The Committee’s Report led the Govern- 
ment to issue specifications for two new types 
of landplane, and, in due course, to place 
prototype orders for the Short 14/38 and the 
Fairey 15/38. The Government, also, 
appointed a Director of Civil Research and 
Production, with a small technical staff, in 
the Department of Civil Aviation. 


Official encouragement was also given to 
the development, just prior to the war, of 
several other types of civil aircraft such as 
the Short ‘‘C’’ Class flying-boat, and the de 
Havilland ‘‘Flamingo”’ and ‘‘Albatross.”’ 


Unfortunately, war broke out before any 
tangible results could flow from these 
measures. The outbreak of war necessitated 
the suspension of all aircraft design and pro- 
duction for purely civil purposes, and also 
of almost all transport aircraft production 
in the United Kingdom and throughout the 
Commonwealth. The resultant shortage of 
transport aircraft created immense difficulties 
for civil as well as military aviation. These 
difficulties were both short-term and long- 
term. 


Among the immediate difficulties we find 
that in 1941, B.O.A.C. were operating their 
tenuous routes, totalling 52,000 miles in 
length, with no more than 80 aircraft of 14 
different types, most of which had a small 
load capacity or relatively short range, and 
all were obsolescent. 


Looking at the more distant prospect, 
reports were received from across the 
Atlantic of the great progress being made in 
America in the design and production of new 
transport aircraft. There was every prospect 
that America would have a commanding lead 
in this sphere at the end of the war. It is 
well known that this flowed in large part 
from an understanding which was reached 
early in the war between the British and 
American Governments that Britain would 
concentrate on the production of fighter and 
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bomber aircraft while the U.S.A., in addi- 
tion to their great military programme, 
would be responsible for supplying the 
transport aircraft needs of the Allies. 


Energetic remedial measures would be 
essential for the post-war period. With the 
entire industrial resources of the country 
operating under Governmental control, the 
Government must undertake responsibility 
for forward planning, as the Government 
alone was in a position to determine what 
proportion of the design and production 
capacity could be diverted to the develop- 
ment of civil aircraft types. To meet the 
short-term difficulties, every effort was made 
to supplement the Corporation’s fleet, but 
the constant, pressing and prior military 
needs had a retarding effect on progress. 


In preparing plans to meet the long-term 
needs of civil aviation, the Government 
found themselves handicapped by the fact 
that, apart from the praiseworthy efforts of 
one or two firms, there had been no exten- 
sive civil aircraft industry before the war to 
serve as a nucleus for further expansion. 
Moreover, the entire aircraft industry was 
fully occupied in meeting military require- 
ments. 

Experience both here and in America has 
shown that a period of at least five years 
will normally elapse from the date when the 
requirement for a new large civil air liner is 
first stated until the date when it comes into 
service. Thus, there was no time to be lost. It 
was decided, therefore, to appoint a Com- 
mittee under the chairmanship of Lord 
Brabazon of Tara, with the following terms 
of reference:— 

‘‘(a) New type Aircraft: 

(1) To prepare outline specifications of 
the several aircraft types that will be 
needed for post-war air transport; 

(ii) To suggest which firms should be 
invited, as soon as urgent war work 
permits, to prepare tender designs. 
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(b) Converted Military Types 

To consider in consultion with the air- 
craft firms concerned, which existing air- 
craft types could usefully be converted to 
air transport purposes for use while new 
type civil aircraft are being produced, and 
to plan for such conversion. 


(c) Plan 

To prepare a plan for the immediate 
utilisation, in the interests of post-war 
air transport of spare design and pro- 
ductive capacity while the aircraft industry 
is in transition from war to peace.”’ 

The Committee’s report, issued in 
February 1943, recommended the adaptation 
for civil use of four types—two landplanes 
and two flying-boats—which were then in, 
or near, production for military purposes. 
The report recommended, also, immediate 
action on the design of five new civil aircraft 
types. 

Shortly afterwards, a second Committee 
under Lord Brabazon’s chairmanship was 
appointed to prepare a list of requirements 
for the aircraft types recommended by the 
first Brabazon Committee. The second 
Brabazon Committee remained continuously 
“‘in office’’ to assist in the realisation of the 
programme. It has issued a number of 
interim reports and has made many recom- 
mendations and suggestions which have 
been of the greatest value to the Government 
and the industry. In due course, the original 
list of five types was modified. 


In drawing up the detailed requirements, 
the second Committee found it necessary to 
recommend two additional types, making 
seven in all, of which all but one are to be 
designed for use with jet or gas turbine 
engines. The Committee emphasised that 
these seven types were the minimum frame- 
work required to meet immediate needs. 


Within the limitations imposed by military 
priorities, the Committee’s recommendations 
were implemented with all possible speed, 
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and orders were placed for converted military 
aircraft and for new type designs whenever 
and wherever design and production capacity 
permitted. One unforeseen factor, however, 
introduced unfortunate delays. With one 
exception, namely, a high-speed jet-propelled 
mail plane (the original type 4), all the 
Brabazon types were intended originally for 
use with reciprocating engines. While the 
types were being discussed in greater detail 
by the Committee, it became evident that 
the gas turbine engine had been developed 
sufficiently to warrant its use in civil aircraft, 
and that, for certain purposes, piston-engined 
aircraft would be obsolescent almost before 
they could be placed in service. It was 
decided, therefore, that the delay that would 
be involved in re-designing for gas turbine 
engines must be accepted. 

The revised list of Brabazon types is as 
follows, omitting all technical and operational 
details: — 


Type 1: A landplane of about 130 tons 
gross weight for very long-range 
services and for all North Atlantic 
services. Powered by eight gas 
turbine-propeller engines. 

Type 2A: A 30-40 passenger landplane for 
European and _ feeder services. 
Powered by two reciprocating or 
four gas turbine-propeller engines. 


Type 2B: A 24-32 passenger landplane for 
European and _ feeder services. 
Powered by four gas turbine-pro- 
peller engines. 

Type 3: A 95,000 lb. landplane for Empire 
trunk services. Powered by four 
gas turbine-propeller engines 

Type 4: A 90,000 lb. jet propelled 24-36 
passenger landplane for fast 
Empire services. 


Type 5A: A 14-16 passenger landplane, 
powered by four reciprocating or 
two gas turbine-propeller engines, 
for feeder services. 
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Type 5B: A small eight passenger twin- 
engined landplane for internal ser- 
vices in the United Kingdom, 
Dominions and Colonies. 

In addition to the seven Brabazon types, 
the Ministry of Civil Aviation have included 
the following seven civil types in the develop- 
ment programme :— 

1. A long range transport flying-boat of 
about 130 tons gross weight, powered by 
12 gas turbine-propeller engines coupled 
in pairs. 

2. A medium to long range landplane of 60- 
70 tons gross weight for Empire and 
Atlantic services. 

3. A 6-8 passenger twin-engined amphibian 
for feeder and charter services. 

4. A 5-6 passenger twin-engined landplane 
for charter services, with provision for 
alternative fitment of floats or skis. 

5. A 4-seater helicopter for development 
purposes. 

6. A 10-seater helicopter for charter and 
aerodrome-city services. 

7. A helicopter for crop spraying, malaria 
control, etc. 

The financial and administrative problems 
attendant upon the provision of new civil 
transport aircraft are formidable.. Like the 
modern aerodrome, the aircraft of to-day and 
of to-morrow is a very costly piece of equip- 
ment. Moreover, the design of a comp!etely 
new aircraft type, possibly one incorporating 
novel aerodynamic features, usually requires 
considerable research, and the production of 
one prototype of an aircraft such as the 
Bristol Aeroplane Company’s ‘‘Brabazon 
may involve expenditure running into 
millions of pounds. 

These are speculative costs of a magnitude 
which few aircraft firms would be able to 
meet from their own resources. The Govern- 
ment decided, therefore, that the interests 
of British air transport throughout the world 
warranted the placing of Government orders 
in anticipation of the needs of the operators. 

And now let us take stock of the present 


situation. The aircraft fleet of the British 
Overseas Airways Corporation at 30th June 
last, is set out in Fig. 6. This fleet will be 
gradually increased and improved as new 
aircraft become available. 


FLEET OF THE BRITISH OVERSEAS AIRWAYS 
CORPORATION (B.0.A.C.) AS AT 30TH JUNE 


1946 
LANDPLANES 
Four-engined 
Avro Lancastrian 16 
Avro York 24 
Consolidated Liberato 9 
Lockheed Constellation 5 
Twin-engined 
Douglas Dakota. 59 
Lockheed Lodestar . 18 
==", 773° 132 


FLYING Boats 
Four-engined 


Short Sunderland 35 


Boeing 314A. 3 
Short $.23. 9 
Short S.26 . 
Short S.30. 2 
Short . 1 

19 


Total Operational Aircraft 167 


Note: In addition, the fleet included 41 aircraft 
used for training purposes and 4 aircraft 
employed on development flights. 


Fig. 6 


Aircraft are being provided, also, for the 
British South American Airways Corporation 
and the British European Airways Corpora- 
tion with all possible speed. It is the Govern- 
ment’s general policy to require the Corpora- 
tions to use British aircraft. Owing, how- 
ever, to the need for withdrawing from 
service early this year of the three Boeing 
flying-boats which had done such excellent 
service to West Africa and on the trans- 
Atlantic route throughout most of the war, 
and to unforeseen delays in the production 
of the Tudor I, it became necessary 
to make a temporary deviation from the 
Government’s policy by purchasing five 
Lockheed ‘‘Constellations’’ to enable the 
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B.O.A.C. to cope with the pressing demands 
of the trans-Atlantic traffic. 

This was an example of the need to hold 
the situation pending the overtaking of the 
war-gap by the United Kingdom civil 
industry. It is equally the justification for 
the recent decision to add an order for six 
Boeing Strato-Cruisers with a view to main- 
taining a fully competitive service on the 
New York route during the years 1948-50, 
i.e., until the new British Trans-atlantic air- 
liners are ready. 

The position, then, as I see it to-day, is 
that for the next few vears, we shall be 
dependent mainly upon the converted and 
adapted military types, or developments 
thereof—-the Lancastrian, York, Tudor 1 and 
II, and Avro XIX of A. V. Roe & Co. Ltd., 
the Handley Page Halton and Hermes, the 
Vickers-Armstrongs Viking; and the Short 
Hythe, Sandringham and Solent Class Fly- 
ing-boats—to carry the main burden of 
British air transport service throughout the 
world. They will, of course, be ably assisted 
by the Airspeed Consul, and the de Havilland 
Dominie and Rapide, and, in the near future, 
by such new types as the Bristol Way- 
farer and Bristol Freighter, the Miles 
Marathon (Brabazon Type 5A) and the de 
Havilland Dove (Brabazon Type 5B), and, 
in due course, by the other new types as 
they become available. 

By about 1950, the majority of the con- 
verted and adapted types should have been 
replaced in service with the Corporations by 
the new purely civil types that are being 
developed to-day. But we must not rest 
content at that. During the next four years, 
we must be planning and laying the founda- 
tions of the aircraft fleets that will be required 
in the 1953-56 period to replace the present 
Brabazon and other types which will be the 
mainstay during the 1950-53 period. 

This is, of course, the broad picture against 
which planning is proceeding within the co- 
ordinating inter-departmental Committee, 
recently established by the Minister of Civil 
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Aviation and the Minister of Supply. The 
air corporations are fully represented on this 
Civil Aircraft Requirements Committee 
which, while concerned with ensuring all 
possible action this side of 1950 to improve 
the United Kingdom production position, 
will have to concentrate especially on shaping 
the post-1950 plans. 

It is very difficult to forecast the opera- 
tional requirements and traffic trends of ten 
years ahead, and this difficulty calls for bold 
decisions within the next year or so, if we 
are to be in the van of aircraft progress in 
the mid-nineteen-fifties. Speaking as an 
administrator with no claims to technical 
knowledge, I note, with a measure of scepti- 
cism, the broad claims that ten years hence 
almost all long-distance routes will be flown 
by aircraft of the flying wing type, propelled 
by gas turbine engines, rockets, or even some 
form of atomic energy engine. 

No one seems to visualise such wholesale 
use of reaction-propulsion types on_ the 
medium or short-range routes, which, it is 
suggested, may obtain better economic 
results from engines of the reciprocating and 
turbine-propeller types. Everyone expects to 
see helicopters, possibly with jet propelled 
blades, making a substantial contribution 
towards a solution of the problem of reducing 
transit time between aerodromes and centres 
of population, apart from the many other 
useful purposes which this most promising 
type may serve. 

The full realisation of these developments 
will, of course, require to be accompanied by 
corresponding advances in the provision of 
all these features, such as structural safety 
at high speeds, stability, controlability, cabin 
pressurisation and air-conditioning, which 
are so essential for safety, reliability, com- 
fort, economy and high speed, in that order. 
But we may confidently leave these problems 
in the hands of the experts. 

Before concluding this Section, I wish to 
say a few words about certain aspects of 
research and allied subjects which occur to 
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the administrative mind. Research is the 
key to the development and production of 
good aircraft. Research conducted speci- 
fically for civil aviation is only now being 
introduced on a large scale. Fortunately, 
there is little difference between research for 
military aviation and research for civil avia- 
tion. With a few exceptions, the one will 
cover the needs of the other. 

Consequently, civil aviation is now about 
to reap the benefits of research conducted for 
military purposes during the war. Simul- 
taneously, a comprehensive programme of 
military and civil aviation research is being 
put in hand by the Ministry of Supply. 
Much is gained by the centralisation, under 
one authority, of all aeronautical research. 

It seems to me important that the military 
and civil aviation authorities should bear 
constantly in mind their inter-dependence 
one on the other in the world of research and 
development. In times of war, military needs 
have priority, but civil aviation ultimately 
benefits, as witness such developments of the 
late war as the jet and _ turbine-propeller 
engines. In times of peace, the pendulum 
should swing more evenly between the two 
sides. Henceforth more emphasis should be 
placed on civil aviation research and 
development, realising that military aviation 
will profit from many of the resulting inven- 
tions and developments. 

Finally, all our plans and schemes for first- 
class research facilities and for the design and 
construction of the best aircraft will be of no 
avail if we do not take steps to ensure the 
provision of the finest training facilities that 
ingenuity can devise and our pockets can 
command. Training is required for both 
senior grades and junior grades, from the 
prospective managers, planners and techni- 
clans to the foremen, journeymen, and 
apprentices. Plans are already in hand to 
provide adequate facilities, at the post- 
graduate level, at the new College of Aero- 
hautics at Cranfield. 

For the undergraduate and more junior 
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grades, excellent opportunities for acquiring 
technical knowledge and training in scienti- 
fic methods are already available at many of 
our Universities, Colleges and Technical 
Schools. 

It seems to me, however, and I am sure I 
do no more than echo the thought that is in 
all our minds, that it is important that we 
should aim at maintaining in the aircraft 
industry a body of craftsmen who have been 
trained ab initio on aircraft work, be it in the 
factory, the repair shop, the maintenance 
department or in the air, and who are in the 
industry because they are aviation enthusiasts 
and because they wish to make it their career. 
The dilution caused by the war was inevit- 
able in an industry which had to be 
expanded so rapidly overnight, and no one 
would disparage the excellent work done by 
the wartime recruits. Nevertheless, I am con- 
vinced that we must encourage recruitment 
at the bottom, which necessitates the 
adequate career prospects, good working 
conditions and ample opportunities for train- 
ing, already being provided by many aircraft 
firms. 


VIII. THE FINANCIAL PICTURE, e.g. 
COSTS, RATES, SUBSIDIES AND 
OTHER INCIDENTALS TO AIR- 
LINE ACTIVITIES 

Earlier this evening I stated that it was 
the Government’s intention that the three air 
transport corporations, which have just been 
set up under the Civil Aviation Act, 1946, 
should become self-supporting as soon as 
possible. I propose in this section to examine 
the possibility of attaining such financial 
independence in United Kingdom air trans- 
port operations, and, also, to consider one 
or two related questions, particularly those 
which concern the government administrator. 

It will, perhaps, be helpful to consider, 
first, what we mean by ‘‘self-supporting.”’ 
The unpremeditated answer might be 
‘“‘operating without government subsidy,”’ 
but, before accepting this statement, we 
must decide what is meant by “‘government 
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subsidy.’’ Right down to the present day, 
there has been some form of government 
subsidisation in every air transport operating 
country. The most common forms of sub- 
sidisation have been:— 

1. Direct financial payments; 

2. Air mail payments exceeding the econo- 
mic rate for the work done; 


3. The provision of navigational facilities; 
4. The provision of aerodrome facilities; 
5. The provision of aircraft; 
6. Taxation concessions; 
7. The financing of aeronautical research 
and development. 
In the past, government subsidies, 


especially ‘“‘hidden’’ subsidies, have been 
granted frequently for purposes other than 
the direct advancement of air transport; for 
example, enhancement of national prestige, 
military training, to obtain a monopoly of 
traffic, and so on. 

As we have seen, the nations of the world 
have agreed that these practices must end, 
and I shall shortly discuss one of the 
measures, now being put into practice, which 
holds every promise of contributing largely 
towards the elimination of rate-cutting wars. 

It is generally agreed, also, that there is 
ample economic and social justification for a 
measure of State assistance in the early stages 
of development of the industry. In these 
early stages the normal process of economic 
growth, in which lower costs permit lower 
fares, which generate a greater demand lead- 
ing to a further lowering of costs, and so on, 
has little momentum. Costs high 
because 

(i) equipment is undeveloped and rela- 

tively inefficient; and 

(ii) demand at economic prices is limited. 
Demand is small because 


are 


(i) acceptance of the new mode of trans- 
port is slow; 

costs are high; 

collective demand, for better 
communications, is latent and inarti- 
culate. 


(ii) 
(iii) 


e.g. 
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In fact, the growth cycle, if not given out- | 
side impetus, might tend to be a vicious circle 
of stagnation. 
Moreover, subsidies for a limited period } 
may well be needed for 
(a) the initial development of new routes, 
and 
(b) the introduction of new equipment 
into service for the advancement 


of operating speeds, etc., ahead of } 


what is immediately practical on an 
economic basis. 
It may well be that support, under both 
those heads will make for better economic 
results through higher efficiency and wider 
scope in the later years of self-sufficiency. 


In general, governments have recognised 
the potential benefits of civil air transport 
and have alse recognised that the general 
economic and social welfare is secured by 
speeding up the process of development; 
from that standpoint and acting on behalf of 
the community, they have rightly applied the 
community’s money to this end. In various 
ways this assistance has lowered costs and 
rates, thereby increasing demand and effect- 
ively stimulating the growth process. 

In addition to justification as a temporary 
aid to development, to be discontinued as 
the industry gets properly under way, there 
is a case for State assistance in two other con- 
nections. Firstly, to provide services on 
social or international grounds, for which 
there may be no commercial demand even in 
the full maturity of the industry, and, 
secondly, in the provision of facilities and 
services, e.g. navigational, meteorological, 
air traffic control and rescue services, which 
are required also for aviation generally— 
parallel to the provision and assistance of 
roads and bridges, road lighting and traffic 
regulating systems, or to that of marine 
channels, lighthouses and other aids to ship- 
ping. 

While the healthy air transport industry 
which we all hope to see may only require a 
minimum of assistance in the two latter con- 
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nections, such a minimum would be 
analagous to that provided on justifiable 
economic and social grounds to other public 
utilities, and shou!d not be regarded as 
abnormal or indicative of the inability of the 
industry to be self-supporting, provided, of 
course, that it is in line with the general 
benefits accruing. 

The industry may be termed self-support- 
ing when the assistance given justifiably as 
an aid to early development, as well as any 


Air mail revenue 
per mail short 


Air mail revenue 
as per cent of 


total airline ton-mile 
revenue carried 
(Dollars) 
1932 77 6.4 
1935 40 26 
1938 37 2:1 
1941 23 7 
1945 16 .49 


excessive and misdirected assistance given 
from undue considerations of national econo- 
mic rivalry, prestige and strategy, have been 
eliminated. Self-support in this sense is the 
declared goal of this and other Governments. 

Inasmuch as any or all of the other forms 
of subsidisation which I have mentioned are 
provided at less than a fair and economic 
rate for the service rendered, to that extent 
must the air transport industry be regarded 
as government-supported. In attempting to 
assess the progress made hitherto towards 
self-support and the future prospects of 
attaining the desired end, it must be borne 
in mind that civil air transport as a whole 
covers a range of operations varying widely 
in their economic characteristics and poten- 
tial profitability, under the influence of a 
large number of factors of technical, 
geographical, meteorological and economic 
importance; and that at any stage of develop- 
ment of the industry and of its art, 
individual operations or groups of opera- 
tions may range from the highly remunera- 
tive to the highly unremunerative. The 
effect of technical and economic development 
is to shift the whole universe of operations 
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scale of profitability, 
their 


generally up the 
though not necessarily preserving 
relative order. 

The best indication of progress towards 
self-support is seen in figures for the U.S. 
Domestic Airlines, which have received 
assistance mainly through air mail payments. 

In 1945, the average air mail revenue per 
short ton-mile was almost down to cost and 
approximately equal on a weight for weight 
basis to passenger revenue. In each of the 


Total 
operating cost 
per revenue 
short ton-mile 


Total 
operating cost 
per capacity 
short ton-mile 


Average 
Passenger 
fare per mile 


(Dollars) (Dollars) (Cents) 
N.A. N.A. 
.99 5.7 
.38 | 
.34 .60 5.0 
4.5-5.0 


three years, 1943, 1944 and 1945, the net 
operating profit actually exceeded the mail 
revenue. These extraordinarily good results 
were largely due to the abnormal travel con- 
ditions induced by the war, resulting in 
average passenger load factors of the order 
of 90 per cent, but even when this is dis- 
counted the progress towards self-sufficiency 
is clear. 

It should be emphasised that the United 
States Domestic airlines receive no direct 
financial assistance from the Government, 
and that aeronautical research and develop- 
ment costs are normally included in the 
capital cost of the aircraft. The Government 
does, however, provide navigational facili- 
ties, and, up to the present, airlines have 
received some slight financial assistance in 
the form of below-cost charges for aerodrome 
dues. 

There is no doubt that, with the introduc- 
tion of the larger and more efficient aircraft 
now coming into use, in spite of the general 
rise in costs and wage rates, the U.S. 
Domestic airlines will shortly demonstrate 
their ability to be self-supporting in the sense 
I have defined, under peacetimes conditions. 
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A similar general trend towards indepen- 
dence is observable in the pre-war results of 
British and European operators. The out- 
break of war, however, found the industry 
with a long way to go, as the following 
figures show:-— 

DirectSubsidy DirectSubsidy | Estimated 


as percentage perrevenue Operating Cost 
of total long ton-mile per capacity 
revenue long ton-mile 
1930 1937 1937 
Imperial (pence) (pence) 
Airways 69 24 15 32 
Air France 80 66 68 84 
Deutsche 
Luft Hansa 63 42 29 84 
S.A.B.E.N.A. 52* 34 27 22-45 
A.B.A. 63 18 13 29 
*1931 


The cost figures compare unfavourably, in 
general, with the corresponding U.S. 
Domestic figure for 1938, which was equiva- 
lent to 21 pence per capacity long ton-mile. 
The relatively poor financial health of the 
European operators was in fact largely 
attributable to an uneconomic use of sub- 
sidies to maintain an operating structure too 
large for the traffic available, involving a 
general under-employment of resources. 

The extent of this under-employment is 
demonstrated cogently in the following 
figures:— 


Average miles 
flown per aircraft 


per day 

U.K. Internal 1938 120 

1945 250 
U.K. Overseas 1938 300 

1945 420 
Belgium 1938 190 
Denmark 1938 220 
France 1938 160 
Germany 1937 210 
Italy 1938 190 
Netherlands 1938 400 
Sweden 1938 310 
Switzerland 1938 170 
U.S. Domestic 1938 750 

1945 1,700 
U.S. International 1938 250 

1945 1,100 
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These figures are approximate in that the 
fleet figures and route-mile figures used are 
not true annual averages. The United States 
figures for 1945 have undoubtedly been 
increased by the abnormal war conditions to 
which reference has already been made. 
Nevertheless, the imminent introduction of 
faster types is likely to militate against any 
considerable retrogression. The figures pro- 
vide a challenge to British and European air 
transport, and at the same time indicate the 
existence before the late war of considerable 
scope for reaping the economic and other 
benefits of rationalisation. 


The Future Trend of Costs 


British airline operations are at present in 
a transitional stage. New services are being 
started, existing services increased, and new 
types of aircraft introduced. Organisation 
and methods adopted for war purposes but 
inappropriate for fully civil operations, are 
being reshaped for peacetime working and 
the whole operating structure is being re- 
grouped. Operating costs are, therefore, in 
a similar state of flux. It is certain, however, 
that with a restoration of operations to a 
peacetime commercial basis, with the intro- 


Average daily Average long ton- Average daily 
route-mile miles per annum passenger flow 


turnover per route-mile per route-mile 
1.3 180 3.9 
460 14 
9 570 4.4 
12 880 14 
5 120 
140 
6 120 2.6 
1.0 310 6.7 
1.0 N.A. N.A. 
330 6.3 
8 240 4.5 
iz 380 9.5 
5.3 1,800 37 
11.6 9,100 190 
8 150 5 
1.8 1,300 25 
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duction of the new and more efficient types 
of aircraft now coming along, and, particu- 
larly, with a general substantial increase in 
the utilisation of resources, costs will come 
down considerably. 

Aircraft are becoming economically more 
efficient, partly on account of increasing size, 
which brings a number of economies in its 
train, and partly through a general increase 
in technical efficiency. The most important 
development in the latter respect to be 
looked for is undoubtedly the application of 
the gas turbine engine, first in turbine-pro- 
peller form and subsequently as a pure jet. 
The economic advantages of gas turbine 
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engines have been dealt with in detail in 
recent lectures before the Society and it 
would be presumptuous for me to attempt to 
elaborate on this theme. 

The graph in Fig. 7 shows typically the 
reduction in costs which may be expected 
with technical progress and with increased 
utilisation of resources. The comparison is 
between the D.C.3 operated under conditions 
typical of current British operations, and a 
turbine-propeller successor in the twin- 
engined medium range class. 

It is emphasised that these estimates are 
essentially theoretical, depending upon a 
considerable number of assumptions, and 


PENCE 50 
PER 
CAPACITY 
TON-MILE. 
LO 
1000hrs 
D.C. 3. 
30 
} 
= 
soushe TURBINE 
PROPELLER 
2o00ohrs 
20 TYPE. 
ite) 
° 200 oo 600 800 1000 
STAGE MILES. 
Fig: 7 


Comparative operating costs of D.C.3 and a turbine-propeller successor 
in the twin-engined medium range class. 
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including, as they do, an attempt to es:imate 
the direct operating and overhead costs of a 
projected aircraft, a task which is fraught 
with pitfalls. However, it is believed that the 
relative economic performance would be 
substantially as indicated. 


It will be seen that, for an average stage 
of 400 miles, operations with D.C.3 aircraft 
utilised for 1,000 hours per annum is esti- 
mated to cost 35 pence per capacity ton-mile; 
for 2,000 hours per annum the estimated 
cost would fall to about 26 pence per capa- 
city ton-mile; for 3,000 hours the figure is 
22 pence. For the turbine-propeller successor 
the cost with 2,000 hours utilisation would 
be about 17 pence per c.t.m. and with 3,000 
hours, 15 pence per c.t.m. or about 2.3 pence 
per passenger-mile at 60 per cent load factor. 


An important point brought out by the 
graph is that the substantial gain in intrinsic 
aircraft efficiency can be largely negatived by 
failure to obtain adequate utilisation. The 
economic advantage of the later type lies 
largely in its ability to produce a greatly 
increased number of ton-miles per hour. For 
a 400 mile average stage, it produces 840 
capacity ton-miles per hour compared with 
370 by the D.C.3. But this capacity 
advantage must be used if the full cost reduc- 
tion is to be obtained. 


The special conditions of the U.S. 
Domestic airlines show a very high utilisation 
factor for their aircraft, and the war conges- 
tion showed even higher figures; but it may 
be prudent, pending experience, to calculate 
on an average of 2,000 hours annual utilisa- 
tion per aircraft on the U.K. internal services 
or on the European services, on which dis- 
tances are too short to make overnight flving 
attractive. 

On this basis the indications are that the 
aircraft available in the early 1950’s should 
be capable of operation at fares of 23d. to 
3d. per passenger-mile, that is, at fares inside 
current first-class rail fares, giving a London- 
Glasgow fare, for example, of only £4 10s. 
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or {5 compared with the current first-class 
rail fare of {5 17s. The single fare to Mar- 
seilles would be £9 to £10 (current rail /sea 
fare £10 6s. 0d.) or to Stockholm {£7 or {8. 

Fares of this order will clearly be within 
the means of large numbers of the middle 
classes, and there should be a big market for 
holiday travel by air. A much more general 
use of air transport for non-holiday travel 
within the United Kingdom is also clearly 
indicated. 

It is less easy to foresee mass travel on 
Continental routes generally outside the 
usual holiday months, and much will depend 
on a vigorous “‘sales’’ policy. Nevertheless, 
it should be possible to work out cheap and 
attractive rates for travel by ‘‘popular’’ ser- 
vices designed for low operating costs with 
aircraft specially contrived and adapted for 
short-range operation. Certainly there is a 
great potential market in this direction, for 
which the public will expect the operators to 
provide. It should be possible to give really 
cheap rates in the not distant future by roomy 
aircraft accommodating the maximum 
number of passengers made possible by 
short-range operation, by, for example, the 
Bristol Wayfarer. 

On the Empire and Atlantic routes, it 
should be possible to obtain a higher utilisa- 
tion than on the U.K. and European routes, 
amounting in some cases to 3,000 or more 
hours per year. Fares, based on cost, of the 
order of 33d. to 4d. per passenger-mile 
appear to be capable of achievement within 
a reasonable time. A fare of 3}d. per mile 
works out at about {14 per thousand miles, 
yielding typical fares of about £50 single to 
New York, £100 to South Africa or South 
America and £150 to Australia. 

Current single-journey sea fares are as 


follows:— 
Ist Class Cabin Class 


To New York from {91 from £56 
To South Africa... £62-£80 from {68 
To Australia ... £110-£140 from £120 
To South America {68-£85 
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The New York air fare is below the current 
first class sea fare, and the others are not too 
far above the top bracket of the correspond- 
ing sea fares to be strongly competitive in 
view of the time differential between air and 
sea travel: they will be still more so if the 
sea fares are increased, as seems not unlikely. 


It is clear that any air trip measured in 
thousands of miles, even at low rates, can- 
not be absolutely cheap. The prospect of 
trips across the world at £100 and more per 
head may not create immediately any big 
new cluss of demand, though in so far as the 
fares are a reduction on present rates, they 
will increase the demand on the part of the 
classes already travelling in this way, 
namely, the travellers on business, both 
oficial and commercial, and the potential 
tourists. 

Even though it may be a longish time 
before Jong distance air travel can be brought 
within the reach of the masses, the economic 
and social gain deriving from it is so large 
that every effort must be made to develop 
it to its economic optimum. It is in accord- 
ance with this aim, among others, that the 
case is urged for international operation of 
the long-range world trunk lines, as able to 
promote the maximum economy in operat- 
ing such far-flung and relatively low density 
routes. 


International Agreement on Rates and 

Fares 

There is no doubt that technical progress 
will, in time, make international air transport 
possible at fares which will be low enough to 
evoke a greatly increased demand, and. at 
the same time, will be adequate to cover the 
costs of operation. It is in this expectation, 
and with a recognition of the possible abuses, 
not altogether unpractised in the past, 
inherent in subsidies, that the U.K. in 
common with other Governments 
declared its intention to seek the progressive 
dimination of subsidies and to encourage a 
fate structure based on costs. 


The evolution of the best machinery for 
securing international agreement on rates 
was discussed at the Chicago Conference in 
the course of the attempt to draft a multi- 
lateral convention on air transport. This 
work, uncompleted at Chicago, has been 
continued by a Committee of P.I.C.A.O 

It is the opinion of the U.K. Government 
that the determination of rates should be 
primarily a matter for agreement between 
operators, working to the principle that 
rates on a route should be related to the costs 
of the most efficient operator, with allowance 
for a reasonable margin of profit. The 
bilateral agreements, recently negotiated 
with the United States and other Govern- 
ments, have provided for acceptance, subject 
to mutual governmental approval, of rates 
determined in the first instance by the 
Regional Traffic Conferences of the Inter- 
national Air Transport Association; such 
approval will, however, be forthcoming only 
upon the Governments being satisfied that 
the rates accord with the costs of efficient 
operation. 

The I.A.T.A., formed in April 1945, is the 
successor of the International Air Traffic 
Association, which, between 1919 and 1939 
did sterling work in securing uniformity of 
procedure as between nations in traffic hand- 
ling, technical and legal matters affecting 
the airlines. 

During the present transitional stage, when 
many operators will perforce be using air- 
craft of inferior economic performance, the 
adoption of rates based on the costs of the 
most efficient operator will inevitably mean 
that some of the less well equipped operators 
will be unable to make ends meet, for, 
although the agreed rates will be minimum 
rates, no operator will be able to retain traffic 
for long at higher rates, unless for superior 
service. 

It is to be hoped, however, that these 
difficulties will be resolved as the economic 
efficiency of aircraft and operators are 
levelled up, or that the present formula will 
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be replaced by principles, to be devised by 
P.I.C.A.O., capable of more universal and 
equitable application. Nevertheless, it may 
well be that the future problems and diffi- 
culties arising in connection with rate-fixing 
and other financial aspects of air transport 
will demonstrate a further, and very for- 
midable, argument in favour of the inter- 
nationalisation of air transport. 

Organisation of the world trunk routes on 
an international basis, and the co-ordination 
of regional and national air services, consti- 
tute in the U.K. view the only sure solution 
for the problems of satisfying the legitimate 
interests of all nations, while achieving that 
efficiency plus economy of operation which 
will open up the benefits of air transport to 
all the peoples and classes of humanity. 


IX. THE PAST DEVELOPMENT AND 
FUTURE PROSPECTS OF WORLD 
AND REGIONAL AIRLINES 


The title which I have given to this Section 
is a Sweeping one, purporting to cover a very 
wide field. Let me explain, therefore, that it 
is not my intention to attempt an historical 
review or summary of the development of 
air services throughout the world, absorb- 
ing though such a task would be. My 
survey will be much more limited in scope 
and treatment. I propose to examine the air 
transport histories of a few countries of the 
world, specially selected for such an investi- 
gation because of the significance they hold 
for any attempt to assess the overall picture. 
I propose to examine, in respect of each of 
these histories, the main considerations 
which appear to have governed the develop- 
ment of the air services. 

We shall see that this development has 
been influenced by three distinct and 
separate considerations, namely, natural 
features, commercial enterprise and govern- 
mental policy. By natural features, I mean 
the geographical location of a country and 
its size in terms of its suitability or otherwise 
for the economical operation of long, medium 
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or short range air services. I have used the 
phrase ‘‘commercial enterprise’’ chiefly to 
indicate a condition in which the governing 
consideration has been efficiency of manage- 
ment, with freedom on the whole from 


political direction. The influence of gover. | 


mental policy is, I think, self-explanatory. 
We shall find that the principal factor which 
has guided governmental policy has been 
the possession of an extensive colonial empire 
by one country or the lack of it in the case 
of another. 


The United Kingdom 


In an earlier section, I reviewed, briefly, 
the development of United Kingdom air 
services. It will be recalled that the earliest 
services, immediately after the first World 
War, were operated mainly by private enter- 
prise, assisted latterly by a modest govern- 
ment subsidy, and that there was no 
objective governmental direction of the 
organisation and development of air trans- 
port until the Hambling Committee’s 
recommendation of the formation of Imperial 
Airways. The scope of air services then 
envisaged was relatively limited and had 
later to be expanded to provide for the 
development of the Empire routes which 
were also assigned to the new company, so 
far as the United Kingdom was concerned. 

With the establishment of Imperial Air- 
ways as the Government’s “ Chosen 
Instrument,’’ a ready-made vehicle was to 
hand for the implementation of the policy 
recommended by the Imperial Conference of 
1926, viz., the creation of a system of air 
routes linking the Mother Country and the 
Dominions and the other units of the British 
Commonwealth and Empire. It was recog- 


nised, for example, that the preservation of 
Empire unity would be greatly assisted by, if 
not partly conditional upon, the provision of 
means for the most rapid conveyance of 
Ministers, government officials, and mails 
between the various Empire territories. 
Accordingly, in the decade from 1926 to 


19. 
ait 
se 
br 
al 
W 
| at 
P 
h 
h 
A 
| 
te 
a 
| 
| i 
| 


sed the 
efly to 
verning 
lanage- 
> from 


, 


natory. 
which 
s been 
empire 


le Case | 


oriefly, 
m air 
‘arliest 
World 
enter- 
overn- 
iS no 
f the 
trans- 
ittee’s 
perial 
then 
| had 
r the 
which 
y, sO 
ed. 
Air- 
1osen 
as to 
olicy 
ce of 
f air 
1 the 
ritish 
of 
yy, if 
yn. of 
e of 
nails 


6 to 


STATUS OF AVIATION IFN 


1936, almost the entire resources of British 
air transport were concentrated on the organ- 
isation and development of the Empire 
routes. By the end of the decade, regular 
services were in operation from the United 
Kingdom to India and Australia, with a 
branch line to Hong Kong, and from the 
United Kingdom to South Africa (via Cairo 
and East Africa) with a branch line to the 
West African Colonies. 


In view of the difficulties at that time 
attending the crossing of the Atlantic, it was 
perhaps natural that the earlier routes should 
have been to the south and east, but, as we 
have already noted, plans for a North 
Atlantic service to Newfoundland and 
Canada were under way in 1936, and discus- 
sions had been initiated for a direct service 
to West Africa, as part of a longer route 
across the South Atlantic to South America 
and the British West Indies. 


Although preoccupied with the Empire 
routes, Imperial Airways did not neglect 
their services to the European Continent, but 
it was not until 1935 that the Government 
turned its attention more actively to the 
development of British continental services. 
One of the signs of recognition of the 
increasing importance of developing this 
sphere of U.K. air transport activities was 
the granting of a small subsidy to British 
Airways Ltd. in 1936 for the operation of a 
service to Scandinavia. A little later came 
the Cadman report and the British Overseas 
Airways Corporation, to which reference has 
already been made earlier in this lecture. 


As with the earliest services to the conti- 
nent, internal services in the United Kingdom 
in the period between the wars were 
dependent upon private enterprise for their 
creation and development. An air mail 
contract was granted to Highland Airways 
Ltd. in 1933 and extended to other com- 
panies in subsequent years, but, as we have 
seen, there was no widespread governmental 
attempt to plan and foster air services within 
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the United Kingdom until just before the 
last war. 

To recapitulate, the United Kingdom 
Government’s air transport policy between 
the wars was directed mainly towards foster- 
ing the Empire routes. Apart from their 
inestimable value in times of peace, one has 
only to consider the vital service which these 
routes rendered immediately before and 
during the last war, to be convinced of the 
wisdom of this policy. 

The United States 

In the United States, the order of develop- 
ment of air services, as between internal and 
Overseas services, was the reverse of that in 
the United Kingdom. Two principal reasons 
for this were, firstly, that the United States 
has great geographical and political advant- 
ages for the ready creation, within its own 
boundaries, of an extensive and closely 
integrated network of air routes, since it is a 
country of continental proportions under one 
federal government. Secondly, the Colonial 
possessions of the United States are few in 
number and limited in size as compared with 
those of the United Kingdom. In conse- 
quence, the United States Government was 
not faced with the prior need to devote its 
energies to the development of overseas 
services, as was the case with the United 
Kingdom. 

Although the economic aspects of air trans- 
port in the United States were allowed to 
develop with considerable freedom from 
governmental regulation prior to the Civil 
Aeronautics Act of 1938, the Government 
recognised soon after the first world war, the 
immense potentialities of air transport to a 
country of its proportions, energy and 
economic wealth. Moreover, the United 
States possessed the great advantages of 
political unity and freedom from those vexa- 
tious delays which hampered the growth of 
air transport in Europe and thus provided a 
golden opportunity for the fullest develop- 
ment of the benefits of air transport. By the 
Air Commerce Act of 1926, the Secretary of 
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Commerce was empowered to provide and 
equip aerodromes and airways required for 
the development of air services within the 
federal boundaries. 

The Government appreciated the value of 
air transport as a means of speeding the con- 
veyance of mails, and the granting of air 
mail contracts to approved carriers was an 
early feature of governmental assistance to 
the growing industry. Indeed, for many 
years it was a very necessary financial prop. 

The trans-Continental route was, naturally, 
the subject of early governmental attention, 
and as early as 1919, government surveyors 
recommended a route for a coast-to-coast air 
mail service, which was opened for traffic the 
following year. It is interesting to recall 
that for at least a century previously, the 
route chosen had been the main highway of 
surface transport, along which had passed 
the “‘covered wagons’’ in the great trek to 
the west. 

The expansion of trans-Continental and 
shorter inter-city services proceeded step-by- 
step from these early years. While the 
Government afforded every encouragement 
and support in the form of ground organisa- 
tion and air mail contracts, the actual 
pioneering and development work was left 
in the hands of private enterprise. By 1938, 
the United States possessed internal air 
routes totalling 35,500 miles, over which 
more than one and a quarter million passen- 
gers were carried in that year. In the four- 
year period, 1926-1930, the route mileage 
was increased by over 350 per cent from 
8,250 to 30,000 miles. 

As we have already noted, the develop- 
ment of United States air services to foreign 
countries was, until 1935, largely confined to 
the continents of North and South America. 
Moreover, the development was later in date 
and less intensive than that of the internal 
routes. Apart from a few services to Canada, 
the principal outlet for American foreign ser- 
vices lay to the south. 

The first foreign service, between Miami 
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and Havana, was inaugurated in 1927 by 


Pan American Airways. This company, and 
its associated and subsidiary companies, 
were, for many years, almost the sole opera- 
tors of American foreign services. The system 
was developed and expanded with typical 
North American drive and enterprise. By 
1938, the overseas route mileage, at 37,750, 
exceeded that of the internal network, but 
the number of passengers carried was only 
about one-tenth that of the internal services. 

The year 1935 saw the implementation of 
the United States desire to pass beyond the 
limits of the Western Hemisphere and to 
embark upon a system of air routes that 
would, in time, encircle the globe. That 
this desire has since been translated into offi- 
cial policy is evidenced by the publication, in 
June 1944, of the list of foreign routes whose 
operation by U.S. carriers, the Civil Aero- 
nautics Board considered to be in the national 
interest (shown in Fig. 8). 

The policy received further practical 
impetus by the recent decision promulgated 
by the Civil Aeronautics Board on the appli- 
cations for routes across the Pacific. In this 
decision, the C.A.B. authorised two services 
westwards from the United States to link up 
with other services eastwards from the United 
States across Europe to India and the Far 
East, which had previously been approved 
by the C.A.B. The net result of these deci- 
sions will be to provide two ‘‘round-the- 
world’’ air routes operated by United States 
airlines, provided the requisite air transport 
agreements can be negotiated with the 
countries en route. 

Prior to the late war, however, the 
development of U.S. foreign services, the 
negotiations with foreign governments for 
transit and landing rights, and the provision 
of the extensive ground organisation, were 
left primarily in the hands of the private 
companies. Substantial financial support 
was, nevertheless, given by the Government 
in the form of attractive mail contracts. 

In the main, therefore, U.S. civil air trans- 
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port engaged first in providing the country’s 
internal services, and it was only as time 
went on that air services were progressively 
developed in the foreign field. Further 
reference will be made to this position when 
we consider the trends of governmental 
policies towards civil aviation. 


The Netherlands 


Let us glance now at the developments in 
three European countries, which, like the 
United Kingdom, possess large colonial 
possessions overseas. First, the Netherlands. 
The Dutch, like the British, are a nation of 
seafarers and colonisers, who have built up 
a colonial empire many times the size of its 
motherland. Soon after the first world war 
the Dutch realised the potentialities of civil 
aviation for providing rapid communications 
with their colonial territories in the East and 
West Indies. 

Through the medium of K.L.M., their 
national airline, the Dutch created one of the 
largest (pre-war) and most efficient air trans- 
port systems in the world. With typical 
efficiency and zeal, they pressed forward 
with a route to the east, and a regular ser- 
vice from the Netherlands to Batavia was 
introduced in September 1930. Some years 
later, an onward connection to Australia was 
provided by Inter-continental Airways, a 
company controlled jointly by K.L.M. and 
K.N.I.L.M. The last-named company was 
formed by private interests to develop air 
services in the Dutch East Indies. By 1935, 
the overall time for the Amsterdam-Batavia 
journey had been reduced to 53 days, and in 
1987 the air mail surcharge on letters to the 
East Indies was abolished. 

Owing chiefly to the barrier imposed by 
the Atlantic, it had not been possible to 
organise an air service from the Netherlands 
tothe Dutch West Indies before the outbreak 
of war in 1939, but, in 1935, K.L.M. intro- 
duced the first of a network of routes inter- 
connecting the various parts of the Dutch 
West Indian Empire. 


IN 1946” 

While devoting much care and attention 
to their Empire routes, the Dutch did not 
neglect their European services. The 
country’s geographical limitations did not 
favour the development of internal services, 
but, by 1938, a network connecting the 
Netherlands with all her neighbours and most 
of the important European countries had 
been established. It would appear, indeed, 
that a fairly equitable balance was main- 
tained throughout between the Empire and 
European services, and that the Dutch con- 
trived to develop both fields with commend- 
able success. The main government pressure 
was, however, directed towards the forging 
of Empire communications. 


France 


The history of air transport in France bears 
some resemblance to that of the Netherlands 
in respect that European and Empire ser- 
vices were developed concurrently. Like 
Britain and the Netherlands, France has 
large interests overseas, particularly in 
Africa and Asia. The French, too, recognised 
early the importance of establishing air com- 
munications between their metropolitan terri- 
tory and their colonial possessions. Moreover, 
the French Government appeared to appre- 
ciate, almost from the end of the first world 
war, that government support of air trans- 
port would be one of the prerequisites of 
success. French air services were actively 
developed throughout Europe, and we have 
already noted how they drove the early 
private British operators on the London- 
Paris route out of business. 

As a nation, the French have always been 
among the foremost in matters aeronautical, 
and they lavished upon the new transport 
medium all their enthusiasm and genius. 
They developed air services to their Empire 
and within their Empire, while, at the same 
time, gradually extending feelers to the 
various countries of Europe. 

Until 1933, the services domiciled in 
Metropolitan France were operated by five 
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companies, namely, Air France, C.I.D.N.A., 
Farman, Air-Orient and Aeropostale, but in 
that year these companies were combined to 
form Air France, which pursued the policy 
of expansion with renewed vigour. Services 
in the colonial territories were operated by 
Regie Air Afrique and by Aeromaritime. 
By 1938, France was connected by air with 
the principal capitals and towns of Europe, 
with North, West and Central Africa, with 
Indo-China in the east and, in the west, with 
Brazil, the Argentine and Chile. Internal 
services within France, on the other hand, 
were slow to develop, and it was not until 
1935 that active attempts were made to 
encourage operations in this field. 


Belgium 

The history of air transport development 
in Belgium and its colony provides a contrast 
to that of the other countries I have 
reviewed. Here, we find that, beginning 
shortly after the first world war, air services 
were organised by Belgium within Europe 
and within the Congo, but sixteen years 
passed before a link was established between 
the two systems. 

Belgian air services were first introduced 
by an undertaking called the National Syndi- 
cate for the Study of Air Transport 
(S.N.E.T.A.), but in 1923, when it was 
considered that the practicability of estab- 
lishing regular airlines had been satisfactorily 
demonstrated, S.A.B.E.N.A. was formed as 
a State controlled and State subsidised com- 
pany, in whose capable hands the develop- 
ment of Belgium’s air transport system has 
remained to this day. 

Like the Netherlands, Belgium hiss not 
lend itself to the realisation of the full 
benefits of internal air services. Accordingly, 
the Belgian Government directed _ their 
energies, and those of their ‘“Chosen Instiu- 
ment’’ towards the organisation of services 
to connect Belgium with all the important 
capitals of Europe, and, at the same time, 
to the creation of an air service network in 
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the Congo, where the difficulties of surface 
communication offered an excellent oppor- 
tunity for demonstrating the advantages of 
the aeroplane in  surmounting surface 
barriers. 

During this time, every effort was made to 
organise a route from Belgium to the Congo, 
but it was not until 1935 that all the difficul- 
ties, political and otherwise, were finally 
overcome and a service introduced, in co- 
operation with Regie Air Afrique. By 1938, 
the frequency of the service had been 
increased to eight per month, four services 
being operated by each company. 


Governmental Control of Airline 
Development 


At this point, it would perhaps be conve- 
nient if I recapitulated my remarks on the 
past development of world air services. We 
have noted that, in the period before the last 
war, the Empire countries, such as Britain, 
France, the Netherlands and _ Belgium, 
devoted their energies in the air transport 
field towards the creation and expansion of 
routes to their respective Empire territories. 

The importance of maintaining _ these 
Empire communications is no less great 
to-day, although it is now accompanied by 
the urge to develop long-range services to 
many countries outside the respective 
Empires, as evidenced by the number of 
countries now interested in services across the 
North Atlantic. Many other countries, as 
well as the British Dominions, have plans for 
the expansion and co-ordination of their 
international services, as, for example, the 
recent collaboration of Sweden, Norway and 
Denmark in a joint transatlantic service. 

On the other hand, we have noted that 
the United States, with comparatively few 
colonial possessions, has built up a vast net- 
work of services in North and South America, 
and is now mapping air routes to all parts 
of the world, whose advance-guards are 
already threading their ways across the 
Atlantic and Pacific Oceans. 
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How are all these legitimate aspirations to 
be reconciled, so as to avoid a wasteful dupli- 
cation of routes, ground organisation and 
navigational and rescue facilities; to avoid a 
recurrence, perhaps, of the harmful competi- 
tion and subsidy wars of former days; to 
avoid price-exacting agreements and bargain- 
ing; and to ensure that all the abundant 
wealth of energy and talent is harnessed for 
the welfare of the public, and developed with 
the highest regard for safety, efficiency and 
economy? There is, in my opinion, but one 
ultimate outcome that provides a complete 
and satisfactory solution for this problem, 
viz., international operation of world air 
routes and co-ordination of regional services. 


Space does not permit of a detailed review 
of the third strand mentioned at the opening 
of this section as governing the history and 
future, v/s., governmental policy; but a few 
words must here be devoted to the problems 
of governmental policy in the field of world 
air transport, as affecting the gradual realisa- 
tion of the vital necessity for international 
co-operation. 


It is, perhaps, correct to state that with 
certain exceptions, in almost every country 
in the world, the Government participates to 
a greater or smaller degree in the ownership 
of the country’s air transport system. 
The most notable exception to this rule 
is, of course, the United States, which 
remains a stronghold of private enterprise. It 
is the outstanding air transport country 
whose Government has no direct share in the 
ownership or management of any commercial 
air transport undertaking. 


It is now a matter of history, as already 
mentioned, that before the war America’s 


Overseas services, connecting the United 
States with sixty different countries through 
a route mileage totalling 43,500 miles, were 
built up by one privately-owned company, 
Pan American Airways, who for many years 
were granted a virtual monopoly of America’s 
Overseas services. Under the exigencies of 
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the war, however, with its almost insatiable 
demand for long-haul overseas services to 
the European and Pacific Theatres, the 
Government enlisted the aid of American 
Export Airlines (now American Overseas 
Airlines) and of several hitherto purely 
domestic operating companies. 

As a result of their wartime experience, 
several of these companies were impressed 
with the post-war traffic potentialities of the 
overseas field, and, in particular, of the 
North Atlantic route. Applications for foreign 
operating certificates poured in upon the 
Civil Aeronautics Board. Speculation became 
intense as to the policy which would be 
adopted by the Government towards the 
development of foreign routes, particularly 
in the light of the single-ccompany monopoly 
trend in other countries, which were pros- 
pective competitors of the United States of 
America. 

In June 1944, the Civil Aeronautics Board 
published a list (illustrated in the map in 
Fig. 8, of the services whose operation by 
United States companies was considered to 
be in the national interest. In June 1945, 
the Civil Aeronautics Board, in promulgating 
its decision in the North Atlantic Route case, 
revealed the Governmental policy as favour- 
ing a continuation of the principle of 
entrusting the development of America’s 
overseas routes to private enterprise. 

Instead, however, of a single company, as 
formerly, it was provided that the routes to 
Europe and beyond should be allocated 
among three contenders for the privilege, 
namely, Pan American Airways, American 
Overseas Airlines, and Trans-Continental 
and Western Air. Each company was granted 
a ‘‘sphere of influence’’ as will be seen from 
the map in Fig. 9. The routes are 
ingeniously arranged (similarly to the current 
U.K. policy of three corporations) to provide 
the maximum of competition for foreign 
countries wishing to operate to America, and 
the minimum of competition between the 
three American representatives. The policy 
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of complete independence of ownership and 
management was, however, maintained with- 
in the three companies. 


Excluding the United States and the few 
other exceptions to which I have referred, 
governmental participation in the ownership 
and operation of air transport systems takes 
one of three forms, which are broadly as 
follows:— 

(1) Direct operation; that is, the employees 
of the undertaking are State servants; 


Government ownership of the whole or 
a part (usually a preponderating part) 
of the share capital of a company or 
corporation, accompanied by the right 
to appoint some or all of the Board of 
Management. 

(3) A public corporation, owned and con- 
trolled by the Government, and whose 
Board of Management is appointed by 
the Government. 

With this broad classification in mind, I 
have endeavoured to ascertain the trend that 
is being followed by the nations of the world 
towards the socialisation or nationalisation of 
their air transport undertakings. I have, 
however, encountered some difficulty in 
obtaining all the information required for 
such a study. Prior to the war, fairly full 
and accurate information was available about 
the ownership of the various air transport 
companies, and a very useful appreciation of 
the situation in 1941 is given by Lissitzyn in 
his book, ‘‘International Air Transport and 
National Policy.”’ 

During the war, however, a number of 
companies, particularly in Europe and the 
Far East, became immersed in the engulfing 
tide, and lost their individual identities. No 
clear indication has yet emerged regarding 
the future of some of these companies. In 
other cases, changes in ownership during the 
war were suppressed on the score of national 
security, and it has been difficult to obtain 
reliable information regarding the true 
implications of such changes. My remarks 
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should, therefore, be received with these 
limitations in mind. 

Among the important air 
countries, Russia provides the outstanding 
example of direct Governmental operation of 
air services. This is, of course, in conformity 
with the Soviet policy that all large-scale 
forms of economic enterprise should be oper- 
ated directly by the State, and air transport 
in Russia had been nationalised for many 
years before the war.: 


The Union of South Africa provides pro- 
bably the second example in this category 
at the present time. Air transport in South 
Africa is organised as a State service under 
the Railway and Harbours Administration of 
the Department of Transport. South African 
Airways, as the air transport organisation is 
called, is neither a joint stock company nora 
corporation. It is a branch of the Railway 
and Harbour Administration, and is the 
special responsibility of the South African 
Civil Aviation Council. 


In several countries in South America, 
such as Brazil, Peru, the Argentine and 
Colombia, air transport services, some solely 
for the carriage of mail, are operated by the 
military authorities, but none of these is, as 
yet, on a relatively large scale. 


An important development is taking 
place in Australia, whose Government has 
decided to nationalise internal inter-state 
airlines as a direct governmental service. 
Legislation to give effect to this decision was 
passed by the Australian Parliament on 16th 
August 1945. In December 1945, however, 
the High Court of Australia ruled on appeal 
that the Commonwealth Parliament had no 
power to terminate the licences under which 
existing companies were operating, and that 
the discretion of the Government to grant or 
refuse an airline licence was not absolute. 
The Court decided, however, that the 
Government had power to establish and 
operate airlines in competition, if so desired, 
with the existing licenseés. The trend of 
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policy in Australia, therefore, suggests it will 
fall within the first category stated above. 

Up to the present time, governmental parti- 
cipation in air transport in most countries has 
taken the second of the three forms, namely, 
that of holding a portion of the share capital 
of a commercial company, with or without 
the right to make nominations to the board of 
management. In all European countries, 
with the possible exception of Switzerland, 
the respective Governments have pursued 
this policy to the extent of acquiring directly, 
or indirectly, the whole of, or a controlling 
interest in, the share capital of their principal 
air transport undertakings. Several broad 
reasons occur to the mind in explanation of 
such a policy. 

One reason is that air transport, in common 
with other forms of transport, is a public 
utility service, which should be owned and 
controlled by the State. Secondly, as we 
have seen, a very high proportion of the total 
costs of air transport is already borne by 
many Governments in the form of contribu- 
tions, in whole or in part, towards the cost 
of aerodromes, ground organisation, techni- 
cal services, and aeronautical research 
facilities. Thirdly, there are, and may always 
be, a number of unremunerative routes which 
must in the national interest be financed by 


the State. Governments feel entitled to some 
compensation from the more profitable 
routes. 


Fourthly, the operation of international 
services on any but the most modest scale 
will obviously be a costly venture for some 
years hence, and the Government which 
wishes to participate in such operations must 
be prepared to provide liberal financial 
support. Many other reasons for the govern- 
mental trend which I have been discussing 
will occur to you, but these four will perhaps 
serve for my present purpose. 

I come now to the third form of govern- 
mental participation, namely, a _ semi- 
autonomous public corporation or corpora- 
tions whose board of management is 
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appointed by the Government. Canada and 
the United Kingdom provide the two fore- 
most examples of this form of participation. 
The United Kingdom type of corporation 
conforms, perhaps, more closely to the type 
of a purely governmental corporation, sub- 
ject to governmental direction on matters of 
policy, as affecting the public interest, while 
yet retaining the maximum freedom in the 
operation and management of the air services 
and other functions assigned to them. 

Having decided to establish three Corpora- 
tions, with the object of securing the 
advantages of flexibility and initiative in the 
approach to the problems of air transport 
operation, the Government would not jeo- 
pardise this policy by imposing unnecessary 
limitations on freedom of management. Each 
Corporation will be managed by its own 
Board, who will be responsible for organising 
and operating its assigned routes without 
constant reference back for governmental 
authorisation, except on broad policy issues. 

The fundamental principle of United King- 
dom policy is that, in the national sphere, 
the airlines must be given a substantial 
measure of freedom of organisation and 
administration, and that the main function of 
Government is to direct the broad policy of 
development, while ensuring the elimination 
of uneconomic competition and the preven- 
tion of wasteful duplication of equipment and 
facilities. 

This does not mean that the industry 
should be deprived of the incentive to effi- 
ciency and the other acknowledged benefits 
that accrue from the spur of competition. On 
the contrary, it is the Government’s inten- 
tion to foster a friendly rivalry between its 
three ‘‘Chosen Instruments’’ and to encour- 
age different methods of approach to the 
technique of air transport operation, the 
results of which will be studied and put to 
profitable use. The U.K. Government con- 
sider that the national interest can best be 
served by such a policy. 

Furthermore, it is the Government's dec- 
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lared opinion that this national policy could 
well be projected into the international 
sphere with similar advantages, but on a 
correspondingly greater scale. They look, 
and hope, to see the achievement of such an 
ideal, firstly, by collaboration within the 
Commonwealth, and, secondly, by the 
growth of mutual understanding on a world- 
wide international basis. 

The requisite approach and administrative 
organisation seem already to exist in all the 
air transport operating countries of the Com- 
monwealth. Canada has a Government- 
owned Corporation (Trans-Canada Airlines) ; 
air transport in South Africa is State-owned 
and operated, and in Australia it is about 
to be, so far as internal services, at least, are 
concerned; and the Governments of India, 
Rhodesia, East and West Africa and the 
West Indies ali participate in the ownership 
and control of their respective air transport 
systems. Moreover, the principle of parallel 
operation for intra-Commonwealth services 
has already been accepted and applied. 

The Commonwealth, with the great 
distances which separate many of its 
constituent countries, offers an ideal medium 
for the achievement of the greatest economic 
advantages of air transport, which, as we 
have seen, gives the fullest return on the 
international scale. 

There are, therefore, already being worked 
out within the Commonwealth the basic 
principles which underlie international 
collaboration in the operation of world air 
routes. It is greatly to be hoped that the 
application of those principles may event- 
ually be possible on a wider scale. 


Already we see the movement of events on 
the international plane becoming increasingly 
focussed on the need for a wider measure of 
understanding between the nations. The 
Chicago Conference witnessed the first steps 
along the road, in the signature, and sub- 
sequent acceptance, of the International Air 
Transit Agreement, and in the formation of 
P.I.C.A.O. A big step forward was taken 
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at the Anglo-American Conference at 
Bermuda this year, when principles were 
agreed which may prove capable of wider 
acceptance towards the planned ordering of 
air transport under a multilateral conven- 
tion. 


The principles, which should underlie such 
a convention, were developed further at the 
meeting of the P.I.C.A.O. assembly last 
May, and there is reason to believe that we 
are within measurable distance of a multi- 
lateral air transport agreement, which would 
provide an equitable and economic basis for 
regulating the application of the third, 
fourth, and fifth freedoms of Chicago. 

This multilateral convention would be 
open to all who care to sign. Its advantages 
would be so apparent, that it would, I feel 
sure, attract adherents from all countries 
with aspirations towards the operation of 
international services. This convention, 
however, may not prove to be the ultimate 
solution. It may itself be a posting-house on 
the road to that final development to which 
I have referred in Section III, namely, 
international operation of world air routes, 
supplemented by co-ordinated national 
operation of regional services. 

Such a plan, however, if it is to be con- 
sidered in due course as a possible solution, 
must be ventilated through the machinery of 
P.I.C.A.O., as the international authority 
charged with the duty of ensuring that the 
rights of all countries, great and small, will 
receive the fullest consideration and equit- 
able treatment. 


X. THE PSYCHOLOGICAL REACTION 
OF HUMANITY 


We submitted to 
endeavours by Governments and industry to 
develop air transport services, both over 
world routes and to meet regional needs. We 
see in the making a vast network of systems 
capable of offering to the public, imme- 
diately, facilities of a character quite unfore- 
seen twenty years ago. The future 
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development in sight is so amazing that we 
must expect a complete transformation even 
of the elaborate and efficient services already 
in being or in the making. What may be 
the world system of airlines ten years hence 
no one can possibly forecast, but it is clear 
beyond question that the resources of the 
aeronautical world will be able to place air 
transport in the first rank as carrier of 
passengers, mail and freight. 

The interesting fact is that there has been, 
so far as I am aware, no analysis of the pro- 
bable reaction of the mass of ordinary human, 
beings to this vast preparation. The answer 
would almost certainly be that they will 
have to be progressively educated: indeed, 
that is true, and we shall certainly pass 
through the normal phases, such as indiffer- 
ence yielding to apprehension that the old 
order is being changed beyond recall and 
possibly for the worse: then to a new phase 
of acute interest tinged with anxiety, and 
possibly by the older school with fear, and 
finally emerging, we all hope, into belief in 
the new order and readiness to accept its 
facilities. This is the hope and expectation, 
but is it definitely assured and what steps, if 
any, have to be taken to bring it about? 

Viewed with perfect candour there can be 
little question but that, before the recent 
war, there was on the whole a fairly wide- 
spread indifference in the Eastern Hemi- 
sphere to air transport services and their 
possibilities, except for the visionaries, the 
more enterprising travellers and the ranks of 
business men who saw value in the saving of 
time. 

It is true that this stage has been passed 
in the United States where real scope exists 
for a network of air services meeting the 
needs of a large population scattered over a 
wide-spread area. Great saving of time and 
regularity of service at cheap costs are 
practicable because of the exceptional geo- 
graphical advantages which that continent 
offers. The result has been that a large pro- 
portion of the community has become very 
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much air-conscious and acquired the habit 
of using the air services provided. But even 
there it would be idle to suggest that there 
has yet developed a mass consciousness. The 
services have been rapidly developed and 
increasingly used by the business community 
for the great advantages and savings in time 
that they offer. But there has been, one 
would suggest, no wide spread of complete 
air consciousness among the great mass of the 
population. 

When we reflect that the United States 
alone has a population of one hundred and 
forty odd million people, the great success 
of the American internal airlines is some- 
what sobered by the realisation that the 
ectual number of passengers carried in the 
six months to 3lst March last was just over 
four million or 2.86 per cent of the total 
population, including a considerable number 
of duplicates. 

We turn to the Eastern Hemisphere. Here 
we have a population well in excess of that in 
North America, and yet the total air services 
operating are on a more modest scale, as 
we have seen, than in the North American 
continent. Moreover, it is possible that the 
peoples of Europe have a temporary but 
genuine psychological dislike of the air 
because of war connotations. This dislike is 
certainly sub-conscious in character, but it 
may be deep rooted and spring from a blind 
urge to avoid something which has been the 
source of great anxiety and distress. It may 
be that the use of the air for spreading the 
devastation of war has left behind in the 
populations which have suffered, strong sub- 
conscious reactions which would militate 
against appreciation of the possibilities of the 
air for peaceful civil purposes. 

That in itself will necessitate a very care- 
fully planned movement to get the public 
rightly and genuinely interested in the 
possibilities of air travel. Apart from this 
sub-conscious distaste there would, in so far 
as one could estimate from the pre-war 
years, still linger a definite indifference among 
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the masses of the people. They are proud of 
the achievements which have been made and 
interested in the technique whereby great 
advances are revealed and new possibilities 
opened. But there seems no reason to believe 
that they have ever thought of it as apply- 
ing directly to themselves or affecting their 
own lives. They still prefer to look to the 
customary surface means of transport as 
normal and imply by their attitude that any- 
one who travels by air is a bit out of the 
ordinary. 

The future of civil aviation is somewhat 
handicapped by the persistence of the 
romantic aura that rightly surrounded the 
pioneers of fiying. That future will be better 
assured as soon as it can be driven home with 
persistence and emphasis that the primary 
factors in air travel are regularity and safety. 
This is indeed fundamental to any means of 
transport. As soon as the railways had 
established a reputation for regularity and 
safety their future was assured. 

Equally so will it be with the air. We 
cannot make real the future for which we are 
striving unless and until the public comes 
to regard air travel as normal and routine. 
There is no need to overplay the point, but 
certainly the primary thing is to get services 
operating with regularity, yet under condi- 
tions which make people as a whole realise 
that the services would be suspended if con- 
ditions should interfere with the full sanctions 
which operational safety requires. There 
should equally be no fear that emphasis on 
safety would mean excessive interference 
with scheduled operations. 

The aids to navigation and the control 
systems now being developed should in 
themselves ensure both the regularity and 
the safety which the public must expect if 
they are to accept it for what it wil! have 
to be, namely, a normal and routine method 
of expeditious transportation. 

This is suggested as a primary field of 
educational activity in which all concerned 
with air transporation must be seriously 
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active. It is also suggested that the matter 
has not been given that careful analysis and 
consideration which it really warrants. One 
would hope that there would be developed a 
special technique for gauging public reactions 
to air developments and for directing them 
along the right lines. 

There is beyond this the further question 
of how the public will react to the develop- 
ments foreshadowed in performance of 
aircraft types now being made, and, whether 
it will indeed be possible to introduce such 
developments so early as the enthusiastic 
pioneers along these lines would deem to be 
practicable. We hear much to-day of super- 
sonic speeds and stratospheric flying. We 
learn of all-wing jet aircraft which by virtue 
of their high speeds at great altitudes can 
cover vast ranges in amazingly short periods 
of time. We have hints of the development 
at a later stage of atomic energy as a new 
means of propulsion at incredible speeds and 
for phenomenal distances. Without going 
further into this latter and absorbing new 
field of atomic energy, let us limit our 
vision to what is proposed and planned by 
those active in the development of the 
possibilities of stratospheric flying. 

Will the normal human being be prepared 
without a longish period of acclimatisation to 
venture into the stratosphere in these novel 
vehicles to be transported at 500-600 miles 
an hour for 4,000 or 5,000 miles out of sight 
and touch with the world to which he will 
return at the end of his trip? To those versed 
in the technique, the expectations of success- 
ful and safe performance are very real, and 
rightly so, but will the ordinary traveller 
be prepared to accept this situation so 
quickly? Will he not have to be brought 
through a series of progressive stages, where- 
by he first of all comes to appreciate the 
benefits of ordered, regular and safe trans- 
port under the speeds and conditions already 
demonstrated to guarantee those criteria? 

It is interesting to recall by way of analogy 
that in 1898, the London, Brighton and 
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South Coast Railway introduced a service 
between London and Brighton which regu- 
larly completed the journey in one hour. 
Nearly half a century thereafter the public 
expect nothing better. They have accepted 
the standard of speed and operation which 
was established some 50 years ago without 
any complaint or thought that something 
better should have been achieved by now. 
And all this despite the great advantages of 
operation by the electrification of the railway 
some thirteen years ago. The only differ- 
ence—and this is the moral—is that modern 
developments have promoted a density of 
trafic which our Victorian ancestors could 
not have catered for, or contemplated. 

Is there to be an analogy for the air? We 
have already a technique and a system 
which offers phenomenal advantages by way 
of speed and experience. We have not yet 
drawn to the use of this system more than 
a small fraction of the peoples who will be 
affected by it. Could we not first develop 
the density of traffic? With an intensification 
of the systems with equipment produced to 
types which have an assured history and 
guaranteed performance, could we not build 
up an airmindedness of the people as a first 
step which would then automatically yield 
the fruits when the next stage of advanced 
performance is guaranteed both economic- 
ally and psychologically. 

Given an approach of this sort we should 
be able to satisfy the requirements of 
economical production of aircraft and other 
equipment by giving them reasonable 
periods for steady production and continued 
use. We should, in fact, have closed seasons 
in which standard aircraft types would 
operate, and, during those periods, the 
models for the next period would be brought 
through all their teething troubles to a state 
of efficiency and regularity of performance 
equal to that of their predecessors, yet with 
all the improvements which research and 
development had brought into practical 
shape. 
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It may be thought by some that this would 
be a curb on research and development. 
Surely this is not so. There is no reason for 
expecting every new idea to be applied 
immediately to existing equipment. Can we 
not have experimental aircraft built to try 
out new ideas with the thought that those 
ideas, when so proven, will be incorporated 
with others in new models coming forward 
for introduction into service at the appro- 
priate period? There should in this way be 
possibilities for ordered planning of research 
and development and production, which 
would make all the difference to the econo- 
mics of the air and a!so permit the 
transformation of possibilities into realities 
without the disappointments inevitably 
arising from undue publicity and promises 
ahead of practical achievement. 

The air has to my mind suffered seriously 
for the past twenty years from this continued 
attempt to get new ideas translated too 
rapidly into operating equipment. Equally, 
I am convinced that it has engendered in a 
large part of the public the idea that aviation 
is a world for the few and that they them- 
selves are meant to be interested observers 
but not actual participants. 

In substance the foregoing amounts to the 
belief that we shall not see these amazing 
revolutions in aeronautical technique intro- 
duced into service as rapidly as_ their 
supporters believe to be possible. The 
economics of the situation will prevent it in 
the first place; the psychological reaction of 
humanity will discourage it for the second; 
and for the third there will be the increasing 
realisation that ordered planning and 
development in the technique of production 
and operation is as essential as we have 
argued it should be in the governmental 
administration of the plans for development 
of services, ground organisation and the like. 

The foregoing is a straightforward expres- 
sion of view engendered by experience of the 
manner in which promises are made in the 
world of aviation which are almost certainly 
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more generally honoured by their delaved— 
rather than by their timely—observance. It 
has done much harm. It also suggests a 
sober reflection on the necessity for giving 
the men who have created and are develop- 
ing the business a chance to do the job on an 
ordered and well planned basis. We have 
seen much disappointment through the urge 
to rush development rather than to let the 
new possibilities be translated stage by stage 
into efficient realities with the care and pre- 
vision which the complexity of the world of 
aeronautics should postulate. 


I would beg my hearers not to read into 
this any desire to slow the rate of aero- 
nautical research and development. That is 
all-important and should go forward with 
the utmost energy. We have great possibili- 
ties ahead which we must realise and 
translate into practice. 


Nevertheless, that consummation will be, 
in my judgment, the better achieved if we go 
step by step and embody the new improve- 
ments into groups for incorporation into 
staged models with regulated periods of 
operation. It means facing the realities of the 
future and giving a proper run to equipment 
which is efficient for the services which the 
public are ready to accept and will patronise, 
once they can be assured of them as normal, 
routine and safe methods of transportation at 
economic fares. 


This they will do by reason of their 
advantage over other forms of transport 
already well established in the public mind, 
because of those very qualities of regularity 
and efficiency of performance at a reasonable 
cost. 


The air has so great advantages over those 
other forms that it can afford to take this 
ordered standpoint. We have in the air the 
means of establishing the pioneer world 
carrier for passengers, mail and freight. 
There can be no question that the advant- 
ages are so great and realisation in working 
practice so genuinely assured that the air can 
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plan to assume first place as the world’s 
primary form of transportation. 


There is ahead a vista of movement of 
great numbers of people attracted by this 
new form of travel throughout the world, 
interchanging visits and experiences in a 
manner which will have results, for human 
culture and international understanding, 
quite beyond present realisation. It behoves 
those responsible for the development of this 
new era of the air to be sure that they take 
their steps in proper sequence and do not 
attempt short cuts which are unnecessary and 
might well throw back seriously the very 
success which they are desirous to achieve. 


I cannot close this section without empha- 
sising the emphatic need for a full and 
careful analysis of the reaction of the 
ordinary man in the street to the develop- 
ment of air transport. Neither can I refrain 
from further emphasising the possibilities for 
international understanding and achievement 
of human aspirations by opening up this 
great vista of air travel for the people at 
cheap rates. 


There is no reason to suppose that this can- 
not be done now by giving them services 
with assured equipment which can operate at 
cheap rates. There are so many attractions 
in air travel that the ordinary man may be 
well content and indeed prefer to travel at 
slower speeds and at relatively short stages 
in order to get the benefit of cheap rates and 
the great advantages of seeing places which 
he has never visited before. 


The prospect of stratospheric high speed 
flight is attractive and will rightly be given 
over the long ocean routes, or elsewhere, to 
the business community for whom the saving 
of time is of first importance. The great 
mass of people, however, desire to see the 
world and acquire the new experience of 
travel with reasonable comfort, and certainly 
to have appropriate leisure for visiting the 
places along the route which they seek to 
explore. But the whole must be done, if it 
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OF 
is to succeed, at a price which is within their 
purse. 


XI. THE NEW ERA 

Forecasts offered in the previous sections 
turn again and again on the expectation that 
we are entering a new phase in which man 
will accept the air as the leading means of 
transportation, especially over long distances, 
and that this will coincide with the develop- 
ment of a new world order in which nations 
and communities will have the greatest free- 
dom for exchanges, visits and contacts, 
making for a widespread understanding of 
human ideals and aspirations. It would seem 
fitting to close this lecture by attempting to 
point out some of the critical features which 
will run through this new order and the place 
that civil aviation must find for itself therein. 

The signs of the times pointing to this new 
order are very real. Apart from the great 
advances in scientific technique, there have 
been, for many decades, symptoms that the 
old order was due to pass away. It is, how- 
ever, the troublesome fact that a social order 
is not amenable to its own disappearance any 
more than the individuals who pass their 
earthly span within its setting. The struc- 
ture of the social fabric tends to lose its 
elasticity and become so rigid over long 
periods of time that it can only be re-shaped 
by being broken 
reconstruction. 

Indeed, a philosophy of history would 
suggest that wars are as often as not engen- 
dered by this undue rigidity of 
structure and that war itself becomes the 
machinery for the demolition of a superseded 
but persisting social structure, preparatory to 


down preparatory to 
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its reconstruction on new lines. 

This generation has seen this phenomenon 
manifested twice during the present century. 
The 1914-18 War did not, it would seem, 
bring about the break-up of the existing 
social order sufficiently to enable the world 
to re-shape itself. We accordingly witnessed 
the appalling disaster of the succeeding 
twenty vears during which human statesman- 
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ship failed to prevent the onrush of that most 
hideous irrationality: which ultimately dis- 
solved the social structure and reduced it to 
chaos by the processes and devastation of 
the second world war. 

We have thus been confronted in our life- 
time by a historical sequence wherein the 
rational order, which was the admiration of 
the humanity who lived within it, has been 
overthrown by the onrush over thirty years 
of a terrible irrationality, itself finding 
expression in the lust for power of evil 
genius. The result has been the break up of 
that social order and the setting of the world 
stage for the creation of a new rational order 
which will serve the further development of 
the race. 

One thing is overwhelmingly certain, vis., 
that the new order will be drastically different 
from that of the Victorian era. Indeed, it 
will be in its main essentials quite unfore- 
seen until its shape can begin to be discerned 
by the operation of the underlying forces and 
processes which must bring it to birth. 

The tragedy of the past thirty-five years 
manifests the certain underlying fact that 
the world social structure had become so 
inadequate to the future development of the 
race as to become a definite obstacle to 
underlying processes which, therefore, 
emerged into irrational destruction. The 
extent to which the social structure was 
inadequate is revealed by the cataclysm that 
ensued, 

We must, therefore, be certain that the 
new order will be completely different in 
character and in scope. It is the thesis of this 
lecture that the air will be one of the critical 
factors in shaping that new order. We must 
take stock of the position and see whether 
that new factor is being planned aright and 
in the best form to serve and mould the new 
social order which is beginning to take shape. 

3ut it is suggested that there are already 


some guides to the situation which lies 


ahead. We have witnessed a series of histori- 
developments expressing the groping 
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towards the expression of the human philo- 
sophy of life. That groping seems already 
to have found certain main outlets. For 
example, we see the urge towards social 
security, we note the strong case argued for 
ordered national economy and we listen to 
the aspirations of those who urge the value 
to man of contentment plus reasonable 
leisure to enjoy it. 

It is noteworthy that these central prin- 
ciples should begin to take shape as a natural 
consequence of the devastation of war. But 
there are equally certain fundamental strands 
in the human character which are ignored at 
our peril. Man has in him the urgings 
towards adventure, enterprise and creative 
activity. Certainly nowhere is this better 
demonstrated than by the great effort in 
achieving transport by air. Over and over 
again we see through the history of aviation 
these great qualities finding their inevitable 
outlet. 

The air stresses the necessity for giving 
full outlet for such fundamental urges in the 
human being. We, therefore, see the need 
for re-shaping these three principles 6f social 
security, ordered economy and leisured con- 
tentment so as to make them read afresh as 
valid objectives for human policy, viz.: 
(a) 
(b) 


social security, plus adventure; 

ordered national economy, plus indivi- 

dual enterprise; 

leisured creative 
activity. 

It is clear from its history that the air age 
will itself be along these lines and so provide 
a vital strand in future world development. 
It illustrates more potently than any other 
field of human activity that this world is not 
a place for soft living or easy achievement, 
but is a hard school for the creation of 
character and the assimilation of experience 
—whether direct or vicarious. Nettleship has 
well said that the essence of genius is to be 
able to assimilate the maximum of knowledge 
with the minimum of experience. Such 
experience may be had by benefiting from 


contentment, plus 


(c) 
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the experience of others just as well as from 
direct experience. The outcome is the 


creation of new possibilities and the realisa- | 


tion of character. 


We have to apply the lessons of this to the 
world of civil aviation. In no other field of 
activity can it equally be said that all benefit 
by the activities of each. Nowhere else is 
there an equal exchange of experience or the 
readiness to facilitate operation of com- 
petitors. 

This proceeds on what I believe to be 
fundamentally a new principle now being 
appreciated very widely in most fields of 
human endeavour, but more particularly in 
the air, vis., that it is for the benefit of all 
competitors that one should succeed in 
catering for traffic on lines which attract 
increased business. There is so vast a poten- 
tial waiting to be made actual that all must 
benefit by the success of each. 

This lesson will be abundantly proved in 
the development of air transport services. 
The proof may be so clear and unmistakable 
that other forms of human enterprise will 
benefit by the experience and apply it in their 
own activities with benefit to the economy 
of the world as a whole. 

There is moreover, a further lesson for the 
world to-day in the achievements of civil 
aviation. It is a commonplace in certain 
schools of thought that the world can some- 
how be made perfect for occupation by a 
perfect humanity. The history of civil 
aviation, as well as its future, demonstrates 
convincingly that this is not a valid object- 
ive. With every stage of progress realised, 
aviation looks forward to a new one. No 
generation in the air world is ever content to 
rest on the laurels of the past or to enjoy the 
fruits of its labours. They must go forward 
to new achievements and fresh conquests, 
and establish for themselves the satisfaction 
of creative realisation of a further step for- 
ward towards the unknown. 

The prospect is illimitable, just as the 
opening up of higher moral achievements is 
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inexhaustible in the world at large. We 
realise that every step forward in this way 
opens up appalling contrasts of still greater 
evil to menace the future. The air again 
manifests this in the appalling possibilities 
that arise for the counter-use of the achieve- 
ments of the air for wanton destruction and 
devastation in war. The higher the peak we 
can climb, the deeper the abyss into which 
we can fall. It behoves the air once again 
to demonstrate to humanity that this appall- 
ing contrast can be faced and overcome. The 
air must be made the greatest power for good 
the world has seen. 


At the same time the air will reveal that 
it is a contradiction in terms to seek to create 
a perfect world here and now for a perfect 
humanity. There would be no significance 
in a perfect world handed over to a genera- 
tion which had done nothing to realise it. 
The whole essence of life seems to me to lie 
in achievement and translation of potenti- 
ality into actuality. I believe profoundly 
that this lesson is manifested in civil aviation 
more clearly than anywhere else and further 
that we have in this field the most potent 
instance of possibilities for the greatest good 
or the greatest evil. The future of humanity 
will turn very largely on the decisions and 
continuing endeavours made generation by 
generation in the unfolding of the marvels 
of air development. 


The truth of it all is that we are living in 
an age in which scientific achievement has 
outrun human understanding and _ spiritual 
insight. Yet the possibilities of the air turn 
on character and vision. With such qualities 
the air must contribute towards a new surg- 
ing of the human spirit which will overtake 
the grosser assessments of the world and its 
applications of scientific advancement. In 
short, I submit that it will be through the air- 
men and their service to humanity that we 
shall find one source of inspiration which will 
help to close the gap patent before our eyes 
between scientific materialism and human 
aspirations. 
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I have talked much about the guidance of 
individual aspirations within the setting of 
national enterprise, which itself should, I 
urge, be brought fittingly within the wider 
embrace of true internationalism. I submit 
that there are three basic conceptions which 
will have to be applied by the coming genera- 
tions if the true relationships between the 
fields of the individual, the state and the 
world are to be realised and the consequen- 
tial benefits translated back into the develop- 
ment of civil aviation. These three broad 
conceptions are:— 


(a) The sway of scientific materialism 
must yield to a philosophy of value as the 
basic approach for determination of 
human aspirations and objectives. Man 
must strive for what he truly believes to be 
worth while, and not aspire to a world of 
comfort served by scientific tools. He 
must be the guide and not the exploiter of 
scientific technique. He must guide it to 
ends fulfilling human destiny. In short, 
he must see science as subserving his 
character rather than his body. With this 
we can hope that a world worthy of the 
best efforts of civil aviation will be shaped. 
This can only be on a basis of continual 
striving towards new and nigher values, 
with the air as one very worthy means 
among others, for their realisation. 


») The passing of the irrational chaos 
caused by the onslaught of totalitarianism 
must be succeeded by an age in which 
human liberties are enshrined within the 
protection of ordered communities and 
purpose. This means applying a philo- 
sophy of personality as the basis for 
regulating the relationship between the 
individual and the community. Enterprise 
should be fostered and encouraged, as the 
true expression of individual effort, with- 
out in any way impairing its rightful 
setting within an ordered economy as the 
equally true expression of the life and 
welfare of the community. This is again 
a basic principle for application to the 
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development of civil aviation in an ordered 

scheme, relating individual enterprise to 

the overall national effort. 

(c) The breakdown of nationalistic aggres- 
sion signalised by the end of a thirty vears’ 
war must give way to a true international- 
ism, within which legitimate national 
aspirations can find freedom for expression 
and adequate objectives. Nowhere, as I 
have urged throughout this discussion, is 
the need and possibility of this more 
demonstrated than in the field of civil 
aviation. 

I have ventured to include this final section 
in the form of an assessment of political and 
national trends, because of the great import- 
anc» which I feel attaches to a due 
appreciation of the position adopted by the 
United Kingdom in the development of civil 
aviation. Against this background it is sub- 
mitted that the U.K. plan offers genuine 
possibilities for:— 

(a) Free individual enterprise in all air 
activities outside the reserved region of 
scheduled air services; 

(b) The development of U.K. air transport 
services through the agency of three 
‘‘Chosen Instruments,’’ guaranteeing 
healthy competition and friendly rivalry as 
a means of full play for enterprise and 
initiative. Again this system ensures that 
the national carriers will be operating in 
parallel in their respective zones with 
other national carriers, and_ thereby 
collaborating in the evolution of real pro- 
gress within an ordered system of 
development under the egis of the inter- 
national organisation of P.I.C.A.O.; 

(c) The U.K. arrangements for close 
collaboration with other members of the 
British Commonwealth in the further 
development of Commonwealth air ser- 
vices. This is sound family policy within 
the setting of the wider orbit of the United 
Nations. Through this Commonwealth 
approach there is offered the opportunity 

for advancement towards the further inter- 
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national objective on which — United 

Kingdom policy is fully declared and 

consistently insistent; 

(d) The planning towards the ultimate 
entrustment of world air services to an 
international organisation, while contriv- 
ing that regional air services will be 
operated by national carriers in pursuit of 
legitimate national interests — but always 
within the co-ordinating machinery of the 
regional organisations under the direction 
of the Internationa! Civil Aviation Organ- 
isation. This ultimate objective has not 
yet been generally accepted. It may well 
be that the next step along the road will 
be the negotiation of a multilateral 
convention through the  P.I.C.A.O. 
machinery to supersede the present wide- 
spread series of bilateral agreements. The 
United Kingdom policy will lend_ itself 
fully to an international setting based on 
such a multilateral convention and, 
indeed, promote it, whether it proves to be 
a lasting system or whether it will, as we 
believe, ultimately yield to the fuller inter- 
national conception. 

The whole of this policy and these plans 
are broadly conceived within the spirit of the 
new world which is beginning to take shape. 
We have hopes that such a policy will com- 
mend itself increasingly to the other nations 
of the world. In the meantime, we are confi- 
dent that the scheme will give best expression 
to the British spirit and enterprise within an 
ordered plan, giving maximum opportunity 
for development of United Kingdom air ser- 
vices on the right lines while always keeping 
the road open to the international goal 

The air will be the great carrier of the 
future. It behoves those responsible for that 
future to read the signs of the times aright, 
to apply the true principles of man’s develop- 
ment, and to ensure that the air in serving 
mankind will at the same time guide it to 
a true appreciation of human destiny and the 
means of its recurring realisation, generation 
by generation. 
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BRITISH COMMONWEALTH AND EMPIRE LECTURE 


A vote of thanks to Sir Henry Self was proposed by Sir John Buchanan, C.B.E., 
A.M.I.Mech.E., F.R.Ae.S., and seconded by Air Commodore F. R. Banks C.B., O.B.E., 
M.I.Aut.E., F.I.P., M.S.A.E., M.I.Mech.E., F.R.Ae.S. 


Sir John Buchanan: They had had an absorbing lecture on the past and on the future 
of Civil Aviation. There was no one in this country more competent than the Lecturer to 
review their past endeavours, and to expound their hopes for the future, and the Society 
was more than grateful to him for the time and thought he had devoted to the paper, in 
spite of the many other important calls on his time. 


Anyone who had been associated with Sir Henry, as he had been for many years, could 
not fail to admire his great capacity for work. The proof of it, if proof were necessary, 
they had had in the lecture to-night. 


During the past few years, many of them had struggled to keep in touch with the 
developments of the national and international field of aeronautical regulation. It was a 
great relief to find set out so lucidly in this paper a record of recent events, and some 
insight into the developments and regulations of the future. He could offer no comment 
on the paper, but he would like to say this, that while they recognised that in the field 
of international aeronautics regulating was necessary, there was a danger in regulating a 
rapidly developing science like aeronautics. In fact, many of them felt that regulations, 
unless carefully planned, would run behind modern thought, and would, in the end, prove 
a drawback and a barrier to the development of aeronautics. 


He was sure that they would join with him in wishing—and believing—that under the 
able guidance of Sir Henry Self perhaps these dangers might be avoided. 


He would like to propose a very warm vote of thanks to Sir Henry for all the time and 
all the care, all the thought and all the eloquence that he had put into his lecture. 


Air Commodore Banks: They had had a practical illustration of Sir Henry’s brilliance. 
Those who had met him at work had a great respect for his tremendous brain. 


Sir Henry had gone through his paper in one hour with only brief notes to guide him, 
yet he had picked out all the important points from a very lengthy paper. He would like 
to congratulate him because he had never heard a paper so brilliantly summarised. He 
had great pleasure in seconding the vote of thanks. 


COUNCIL DINNER 


After the Lecture a dinner was given by the Council of the Society at 4 Hamilton Place, 
at which the following were present:— 


A. J. Adams, Secretary, Associated Scientific and Technical Societies of South Africa; 
E. J. N. Archbold, B.Sc., Grad.R.Ae.S., Member of Council; Air Commodore F. R. Banks, 
C.B., O.B.E., M.I.Aut.E., F.I.P., M.S.A.E., M.I.Mech.E., F.R.Ae.S., Member of 
Council; Air Vice-Marshal D. C. T. Bennett, C.B., C.B.E., D.S.O., F.R.Ae.S., British 
South American Airways; Air Commodore H G. Brackley, C.B.E., D.S.O., D.S.C., 
F.R.Ae.S., British Overseas Airways; John Brancker, A.R.Ae.S., British European Air- 
ways; Griffith Brewer, Hon.F.R.Ae.S., Past President; Sir John S. Buchanan, C.B.E., 
A.M.I.Mech.E., F.R.Ae.S., Member of Council; Major G. P. Bulman, C.B.E., B.Sc., 
F.R.Ae.S., Member of Council; John Chambers, O.B.E., Member of Council, The 
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Institution of Engineers of India; Sir Bede Clifford, K.C.M.G., C.B., C.M.G., M.V.0O., 
Governor of Trinidad; Air Marshal the Hon. Sir Ralph Cochrane, K.B.E., C.B., A.F.C., 
O.C. R.A.F. Transport Command; G. H. Dowty, F.R.Ae.S.; A. G. Elliott, C.B.E., 
M.I.Aut.E., M.S.A.E., F.R.Ae.S., Member of Council; W. S. Farren, C.B.E., F.R.S., 
F.R.Ae.S., Member of Council; Sir A. H. Roy Fedden, M.B.E., D.Sc., M.I.Mech.E., 
M.I1.A.E., M.S.A.E., F.R.Ae.S., Past President; Major F. B. Halford, F.R.Ae.S.; C. W. 
Hamann, A.M.Inst.C.E., London Representative of New Zealand Institute of Engineers; 
Sir Frederick Handley Page, C.B.E., F.R.Ae.S., President, Royal Aeronautical Society; 
J. B. Hayes, O.B.E., President, Engineering Institute of Canada; W. R. Hebblewhite, 
B.E., Member of Council, Australian Institution of Engineers; E. T. Jones, O.B.E., 
F.R.Ae.S., Member of Council; Sir Ben Lockspeiser, M.A., F.C.S., F.R.Ae.S., Member of 
Council; D. S. Mansergh, B.A., Past Member of Council, The New Zealand Institution of 
Engineers; Major R. H. Mayo, O.B.E., M.A., A.M.Inst.C.E., F.R.Ae.S., Member of 
Council; Major R. A. Powell, A.F.R.Ae.S., Chairman, South African Branch R.Ae.S.; 
Capt. J. Laurence Pritchard, Hon.M.I.Ae.S., Hon.F.R.Ae.S., Secretary, Royal Aeronaut- 
ical Society; J. D. Rademan, Civil Air Attaché, Union of South Africa; Sir Henry Self, 
K.C.M.G., K.B.E., C.B., Permanent Secretary, Ministry of Civil Aviation; W. R. Verdon 
Smith, President, Society of British Aircraft Constructors; Professor W. G. Sutton, B.A., 
Past President, The South African Society of Civil Engineers; Marshal of the Royal Air 
Force Lord Tedder, G.C.B., C.B., Chief of the Air Staff; T. H. Upton, O.B.E., President, 
Australian Institution of Engineers; Capt. C. F. Uwins, A.F.C., O.B.E., F.R.Ae.S., 
Member of Council; H. E. Wimperis, C.B., C.B.E., F.R.S., F.R.Ae.S., Past President; 
L. A. Wingfield, M.C., D.F.C., A.R.Ae.S., Solicitor, Royal Aeronautical Society; Lord 
Winster, Minister of Civil Aviation; Dr. L. Austin Wright, A.M.Inst.C.E., General 
Secretary, Engineering Institute of Canada. 
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THE ROYAL AERONAUTICAL SOCIETY 


The 683rd lecture read before the Society 


METEOROLOGY AND HIGH ALTITUDE 
AVIATION 


by 


G. M. B. DOBSON, M.A., D.Sc., F.R.S., and A. W. BREWER 


Professor Dobson took his degree at Cambridge University and later became Doctor 


of Science at Oxford University, 


He is now Reader of Meteorology at University 


of Oxford, 


Mr. Brewer is a Graduate of London University and joined the Meteorological Office 


| just before the war. 


He served first in the Forecasting Branch and was then 


engaged in experimental work, particularly in connection with meteorological flights. 
He is at present in the Meteorological Research Flight, Boscombe Down. 


A Mechanic of the Society was held in the lecture hall of the Institution of 


Mechanical Engineers, Storey’s Gate, 


St. James’s Park, Westminster, London, 


S.W.1, on Tuesday, 11th December 1945, when a paper on ‘‘ Meteorology and 


presented and discussed. 


of Oxford. 


Office just before the war. 


meteorological flights. 
Boscombe Down. 


Professor Dosson: There ought to be, and 
there was, a sort of partnership between aero- 
nautics and meteorology because they were 
both essentially interested in the atmosphere, 
although for rather different reasons, and one 
could definitely help the other. The meteor- 
ologist ought to supply, and could supply, 
the aeronautical engineer with data about 
the atmosphere — temperature, pressure, 
humidity, winds and so on — and to some 
extent give forecasts to air crews as to the 
weather they would probably meet. The 
aviator, on the other hand, could help the 


High Altitude Aviation,’’ by Professor G. M. B. Dobson and Mr. A. W. Brewer, was 
In the chair, the President, Sir Frederick Handley-Page, C.B.E. 

Introducing the lecturers, the President said that Professor Dobson had obtained his 
degree at Cambridge University and later had become a Doctor of Science at Oxford 
University. He was made a Fellow of the Royal Society in 1927 and had served on the 
Council from 1932 to 1933. At present he was a Reader of Meteorology at the University 
In 1945, he had delivered, with Mr. Brewer, the Bakerian Lecture to the 
Royal Society, the most important physics lecture of that Society. 

Mr. Brewer was a Graduate of London University, and had joined the Meteorological 
At the beginning of the war he was in the Forecasting Branch, 
and since then had been engaged in experimental work, particularly in connection with 
He was at present in the Meteorological Research Flight at 


meteorologists, because he could carry the 
meteorologists and their instruments to the 
upper atmosphere, where they could make 
measurements and observations conveniently, 
which it was quite impossible to make from 
the ground. Thus, the two were intimately 
connected. 


1. INTRODUCTION 

es regular operating heights of aircraft, 
both civil and military, are continually 

increasing until now regular flights within the 

stratosphere are planned. There is, therefore, 
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G. M. B. DOBSON 
much practical interest in the meteorological 
conditions to be found in the stratosphere and 
upper troposphere. For about half a century 
meteorologists have been sending up small 
balloons carrying recording instruments which 
measure the temperature and pressure at 
heights up to 60,000 ft. or more, while 
recently radio transmitters have been incor- 
porated in the instruments which transmit the 
temperature and the pressure to the ground 
station. By following the path of the balloon 
either by sight or by radio direction-finding, 
the velocity and direction of the wind at the 
various heights can also be found. From 
measurements made in these ways meteorolo- 
gists have for many years known the general 
distribution of temperature and winds up to 
great heights. However, the fact that obser- 
vers can now be carried in aeroplanes into the 
stratosphere has, as we shall see, made pos- 
sible measurements of humidity which would 
have been very difficult, if not impossible, 
from small unmanned balloons. Aviation has 
thus greatly helped the meteorologist and it is 
hoped that the help which the meteorologist 
gives to aviation is an adequate return. 

We do not propose in this paper to deal ex- 
tensively with the variation of winds with 
height ortheirdistributionoverthe globe. This 
is a subject which could not be fully treated 
were a whole paper devoted to it. Nor have 
the results of measurements been thoroughly 
worked up as yet. We propose to concen- 
trate our attention mainly on the temperature, 
humidity and ozone content of the air in the 
stratosphere and upper troposphere. The 
meteorological importance of the temperature 
and humidity will be fairly obvious but you 
may well ask what is the importance of the 
ozone content, especially when it is realised 
that the total amount of ozone in the atmos- 
phere is only about one part of ozone to three 
million parts of air and that even that small 
amount of ozone is mostly situated above the 
heights which can yet be reached by aero- 
planes. In the last part of the paper we shall 
try to show, however, that the amount of 
ozone plays a most important role in govern- 


788 


AND A. 


BREWER 


ing the temperature in the stratosphere. In 
the other sections we shall describe the mea- 
surement of the temperature and humidity of 
the air and its ozone content together with 
the results of these measurements. 


2, TEMPERATURE 


The variation of temperature which is found 
in a vertical ascent in temperate latitudes is 
well known—the temperature falls more or 
less continuously till we reach the tropopause, 
which might be any height between about 
25,000 ft. and 45,000 ft. At the tropopause 
there is usually a sudden change in the tem- 
perature-height curve and the temperature 
becomes approximately constant or else in- 
creases slowly with height. The discontinuity 
in the rate of change of temperature with 
height is very striking, and, as is well known, 
the region where the temperature is constant 
or increases with height is regarded as a 
separate meteorological region—the strato- 
sphere. In many ways this attitude of divid- 
ing the problems of the atmosphere into two 
separate regions, the troposphere and the 
stratosphere, is well justified. 

This division is so complete that in ordinary 
synoptic meteorology the stratosphere is 
practically ignored but in temperate latitudes 
a high altitude aviator is usually flying in the 
stratosphere so that we are very much con- 
cerned with it. 

Although the temperature in the strato- 
sphere at a particular time and place is 
approximately constant with height, yet it is 
very variable from day ‘so day and place to 
place—about as variable as surface tempera- 
tures. There is a very considerable regular 
variation with latitude, in addition to day-to- 
day variations which have a close connection 
with the meteorological situation as shown on 
a synoptic chart. 

The latitude effect is shown in the diagram 
Fig. 1 due to Ramanathan and Samuels 
(Samuels 1929) which shows isotherms of 
temperature at various latitudes. 

The important feature to note is that the 
lowest temperatures are found at about 17 km. 
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METEOROLOGY AND HIGH ALTITUDE AVIATION 
LATITUDE Equator 
60 50 40 2 0 20 0 60 7% 8 %, 


Height in Geodynamical Kilometres 


Summer 


Winter 


Fig. 1 
Distribution of temperature in the atmosphere 


(55,000 ft.) over the equator and that the tem- 
perature of the lower stratosphere is about 
40° C. colder at the equator than at the poles. 

At the equator there is usually a steady rise 
of temperature with height in the lower 
stratosphere but at the poles this temperature 
Tecovery is much less marked, indeed in 
midwinter at the poles the temperature 
usually continues to fall with increasing 
height, even in the stratosphere. 


Annual Variation of Stratosphere 
Temperatures. 


In temperate and polar latitudes there is 
an annual variation of the stratosphere tem- 
perature which, curiously enough, shows a 
maximum in June, that is, at or before the in- 
solation reaches a maximum. The time of 


maximum temperature is about July for sur- 
face temperatures and rather later for upper 
troposphere temperatures but immediately on 
entering the stratosphere the time of the 
maximum jumps back to June. We shall 
return to this feature later, but this point 
alone shows that the factors which control the 
temperature of the stratosphere must be very 
different from those which control the tropo- 
sphere temperatures. 

At the poles the annual variation in strato- 
sphere temperature is quite large and also 
during winter the tropopause becomes much 
less well defined since the temperature usually 
continues to fall even in the stratosphere, and 
the stratosphere and the troposphere merge 
indistinguishably into each other. 

It is interesting to see what result all this 
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has upon the mean horizontal temperature 
gradient at various levels between the equator 
and the poles. 

Near the ground there is, of course, a very 
strong gradient of temperature from the warm 
equator to the cold polar regions. At 16-17 
km. (55,000 ft.) this temperature gradient is 
reversed, the air is much colder over the 
equator than it is at the poles. This reversed 
gradient is considerably decreased at greater 
heights in consequence of the temperature 
increase which occurs in the tropical strato- 
sphere. In winter the decreasing temperature 
in the polar stratosphere, to which we have 
referred, results in a restoration at heights of 
about 70,000 ft. of the normal temperature 
gradient of warm at the equator to cold at the 
poles. 

Thus the main features of the stratosphere 
temperatures that require explanation are : — 
(a) Why is there a stratosphere at all? 

(6) Why should the temperature of the 
lower stratosphere be lowest at the 
equator ? 

(c) Why should the period of maximum 
temperature of the stratosphere be 
at or before the time of maximum 
inselation? 

(d) Why does the temperature of the 
stratosphere increase with height, 
except in the special case of the 
polar stratosphere in winter? 


Some of these questions were mentioned by 
Simpson in his classic paper, ‘‘Further Studies 
in Terrestrial Radiation’’ (Simpson, 1928), 
and we shall try to answer them in the last 
section of this paper. 


The variation of the stratosphere temperature 
with the synoptic situation. 

The temperature of the stratosphere and 
the height of the tropopause vary from day to 
day, the changes often being very rapid. The 
variations can be summarised into a few 
simple rules which generally apply. 

In a simple deep stream of air of either 
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tropical or polar origin the stratosphere tem- 
perature is approximately that of its source. 
That is, in tropical air the stratosphere is cold 
and in air of polar origin the stratosphere is 
warm. 

Anticyclones are almost invariably associ- 
ated with a cold stratosphere except in the 
case of an anticyclone formed in polar air. In 
this case the stratosphere is at first warm but 
as the anticyclone develops and intensifies the 
stratosphere temperature falls until it becomes 
relatively cold. 

In the early stage of the life of a depression, 
the air which forms the depression is clearly 
divided into tropical and polar parts and each 
carries with it its own appropriate strato- 
sphere temperature. This normally means 
that the stratosphere is warm in the N.W. 
quarter and cold in the southern part. As the 
depression develops and ‘‘occludes’’ the 
region of warm stratosphere moves over the 
centre and depressions in their later stages are 
invariably associated with a warm strato- 
sphere. The region of cold stratosphere 
usually moves away into the ridge or anti- 
cyclone which is associated with the depres- 
sion. 

As regards the corresponding temperatures 
in the troposphere it should be noted that de- 
pressions, particularly in their later stages, 
are associated with cold troposphere air 
while anticyclones, on account of the warm- 
ing effect of subsidence, are usually warm in 
the troposphere. 

The result of all this is that there is quite a 
close, inverse connection between the rela- 
tive temperatures of the upper troposphere 
and of the stratosphere. 


3. THE MEASUREMENT OF 
HUMIDITY AT HIGH ALTITUDES. 
THE FROST POINT HYGROMETER 


It has long been realised that results of 
great interest could be obtained if the 
humidity of the air at high altitudes could 
be measured, but the measurement of the 
very small quantities of water has not been a 
very attractive problem. In saturated air at 
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—56° C.—the temperature of the ican strato- 
sphere—there is about 18 mgs. of water per 
cubic metre of air while at —85° C., which 
is a usual temperature at the base of the tropi- 
cal stratosphere, there is only about 0.4 mg. of 
water per cubic metre. The latter figure 
represents a concentration of approximately 
1 part in a million by weight. It is the fact 
that the quantities of water concerned are so 
very small which makes most hygrometers 
unusable. 

To meet the need for humidity measure- 
ments, the dew point hygrometer has been 
suitably developed and the results obtained 
have justified the effort which has been made. 

The principle of the instrument is very 
simple and depends upon the fact that for a 
given temperature there is a definite pressure 
of water vapour called the saturation vapour 
pressure, which can exist in equilibrium with 
a surface of water or ice. Conversely, at a 
given vapour pressure, there is a temperature 
at which a surface of water, or ice, is in equi- 
librium with the vapour, and this temperature 
is called the dew or frost-point, according to 
whether the surface considered is water or ice. 
At great heights the water content is small and 
the equilibrium temperature very low, so that 
we are concerned here with ‘‘frost-points’’ 
rather than the more usual dew-point. 

In the instrument a suitable surface, venti- 
lated by outside air, is cooled until a small 
deposit of hoar-frost is obtained upon it, then 
by definition, the frost-point is the tempera- 
ture at which this deposit is in equilibrium 
and is neither evaporating nor increasing. If 
the observation is made visually then in prac- 
tice it is necessary to find the temperatures 
(a) at which the deposit is just increasing and 
(b) at which the deposit is just decreasing, and 
the frost-point is taken as the mean of the two 
temperatures. 

The instrument measures the dew- or frost- 
point. The vapour pressure corresponding to 
the frost-point can be readily obtained from 
tables of the saturation vapour pressures, and 
the relative humidity can be calculated from 
this and the saturation vapour pressure at air 


temperature. The air temperature is measured 
separately in our case, usually on a balanced 
bridge air temperature thermometer. 

Actually for most meteorological purposes 
the frost-point is a directly useful quantity. 
It has the advantage that it can be plotted 
directly on a temperature-height curve, or any 
similar thermodynamic diagram, together 
with temperature measurements made at the 
same time. The relative humidity is then 
roughly shown by the separation of the tem- 
perature and frost-point curves, while impor- 
tant dynamical deductions can be made from 
the temperature and frost-point curves with 
the help of a well-known theorem due to 
Normand. All ways of expressing the water 
content are transferable one to another and 
meteorologists can quickly come to regard the 
frost-point as the most convenient measure. 

The design of the instrument upon this 
principle is described in Figure 2. It 
must obviously be suitable for use in an actual 
aircraft—in this case a pressure cabin aircraft 
since the observations are required at great 
heights. 

The test surface is provided by the top sur- 
face of the metal thimble which is seen central 
in the instrument near the top and across this 
test surface a fine jet of outside air is directed. 
Outside air, collected in a forward facing 
scoop, is brought to the instrument through 
short 3” copper pipes and most of the air, 
after scavenging the whole instrument, is 
returned outside. A very small fraction is 
forced by a constriction in the air channels out 
of the small orifice in a narrow jet across the 
thimble top. If the thimble temperature is 
below the frost-point a deposit is obtained in 
this jet. 

The thimble is made of pure aluminium, 
which is anodised and dyed black, and is 
made relatively massive with thick walls, so 
that conduction ensures that the whole block 
is at the same temperature, and that its tem- 
perature only changes slowly and under con- 
trol. On the skirt of the thimble a very fine 
thread is cut (about 100 t.p.i. or finer) and 
bare platinum wire of .002” diameter is 
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Fig. 2 
Plan View—Cover Plate Removed. 
Frost Point Hygrometer for Pressure Cabin Aircraft, Diagrammatic Illustration. 
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wound in the thread to provide a resistance 
thermometer by means of which the tempera- 
ture of the thimble can be measured. The 
anodising insulates the bare wire from the 
thimble, so that the wire lies in the bottom of 
the groove, in very close contact with the 
anodised coat, while the anodising is in 
molecular contact with the metal. The 
thermometer so obtained is extremely rapid 
in its action, having a lag coefficient of only 
a few hundredths of a second. 

The thimble temperature is adjusted by 
pumping liquid oxygen into the hollow base. 
The pump is a small mechanical pump, 
speciaily constructed to give reliable operation 
under the conditions of use, and to have the 
minimum of thermal conduction from the 
liquid oxygen to the parts of the pump out- 
side the dewar vessel. The pump is very 
nicely under control, and by pumping hard, 
very rapid cooling can be obtained, while by 
giving very short intermittent strokes the 
thimble temperature can be held steady at any 
desired value within about 3° C. 

It will be realised that when the concentra- 
tion of water vapour is only a few parts in a 
million, then the deposits that can be obtained 
on the thimble are very small, so that the 
instrument must be capable of rendering 
visible a small fraction of a microgram of 
water (or rather ice). The illumination and 
viewing arrangements are therefore very 
important. 

Illumination is provided by the glass ellipse 
the edges of which are silvered. The thimble 
fits into a hole cut at one focus, and a small 
6 watt lamp is in a hole at the other focus. 
The edges of the ellipse then produce an image 
of the lamp over the thimble which is thereby 
brightly illuminated by oblique rays. The top 
and bottom surfaces of the ellipse reflect by 
total internal reflection and ensure that no 
light is lost through their faces. Viewed from 
above the thimble surface, which is a black 
anodised surface, appears quite dark, but any 
crystals of ice stand out in brilliant contrast. 
The contrast is further increased by the fact 
that the jet covers only a fairly narrow streak 


across the centre of the thimble, one is there- 
by able to obtain a deposit which is restricted 
to a part of the thimble, and the eye obtains 
the benefit of the contrast between the deposit 
in the jet and the clear region outside the jet, 
upon which there is very little deposit. At 
temperatures below about -—65° C. the 
deposit is in the form of extremely fine par- 
ticles and individual crystals cannot be seen. 
At these low temperatures therefore one is 
mainly dependent upon the contrast between 
the region of the jet, where the deposit 
appears as a bluish smear, and the clear 
region around it. 

In addition to this very valuable illumina- 
tion and jet system, the eye is assisted by an 
optical magnification of about six times. This 
modest magnification is very valuable when 
it is of good quality. It permits the whole 
surface of the thimble to subtend a reasonable 
angle of view, and also permits a simple 
optical system, which gives good quality 
magnification over the whole field of view for 
a reasonable range of eye position. In the air 
it is not always convenient to glue the eye to 
an eye piece and a reasonable choice of eye 
position is helpful. 

The lens consists of two achromats. The 
upper lens provides most of the magnification 
and the lower one provides for the necessary 
optical corrections, and also serves as a top 
to the test chamber over the thimble. 

The whole instrument, with the necessary 
flask of liquid oxygen, is so proportioned that 
it can be built into a cylindrical envelope with 
flat end plates. The end plates with a rubber 
gasket are clamped with three 6 B.A. studs 
so as to make the whole instrument airtight. 
In use the inside of the instrument is approxi- 
mately at outside static pressure, and outside 
air is circulating through it, while of course 
the surrounding cabin air is at a higher 
pressure. In this way the instrument is en- 
tirely independent of the cabin conditions. 

It is most important that the air which is 
issuing from the jet, and therefore which is 
the subject of the measurement, should be in 
no way contaminated by cabin air. For 
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assuming the cabin temperature to be +60° 
F., and at a relative humidity of 30%, this 
would correspond to a water vapour content 
of very roughly 5 grams per cubic metre, 
while at 40,000 ft. a water content of 1 mg. 
per cubic metre is usually being measured. 
If errors due to contamination are to be less 
than 5% of the measured water content, it 
will be necessary to keep the contamination 
of incoming air by cabin air at less than 1 in 
100,000. 

’ Experience has also shown that rubber 
absorbs quite large quantities of water and 
gives it up when dry air is passed through it. 
For this reason rubber air inlet pipes cannot 
be used. For convenience a rubber outlet pipe 
is used for clearly the contamination of out- 
going air is of no importance. The copper 
inlet pipe has all possible joints soldered, and 
the only demountable joint is a carefully 
tightened, all metal, hydraulic union. The 
inside of the copper pipe must be cleaned in 
acid to avoid trouble from water absorbed by 
any oxide covered surfaces. Clean copper 
fortunately gives no trouble. This problem 
of the absorption of water is very acute when 
dealing with very small water contents. At 
first an illuminating ellipse of perspex was 
tried, but the water given off by the perspex 
was so great as to make the instrument practi- 
cally unworkable. Glass was therefore used, 
though the manufacture of a glass ellipse is 
much more difficult. 

An experienced and patient observer, 
working with this instrument in a laboratory, 
can measure a frost-point of — 80° C. with an 
error of about +1° C., but probably with 
about five times that error when working in an 
aircraft at 40,000 ft. This increase in error is 
most unfortunate, but in our experience there 
is a great difference in the general conditions 
between an aircraft at 40,000 ft. and the peace 
and comfort of a research laboratory. The 
observer is generally cold, and even though 
breathing pure oxygen is working near the 
limits of sustained consciousness. Also at this 
height the aircraft often proves difficult to 
manage, so that the observer is distracted by 
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the pilot’s comments and his requests to com- 
plete the observation quickly. 


The Photo-electric indicating hygrometer. 

This error, of up to, say, 5° C., in a read- 
ing, is larger than can be considered desirable, 
and is due to the very subjective nature of the 
observation. The observer, it will be remem- 
bered, has first to obtain a deposit and then 
find the two temperatures at which the deposit 
is (a) just increasing, and (6) just decreasing, 
and at low temperatures the deposits are very 
small and change very slowly. 

A photo-electric instrument has therefore 
been developed in which the eye observing the 
density of the deposit, is replaced by a photo- 
electric cell which operates a microammeter 
needle. The movement of the needle, in one 
direction or the other, thus shows very plainly 
whether the deposit is changing. It is then 
possible to realise the true definition of the 
frost-point and find the temperature at which 
the deposit is in equilibrium with the air. This 
is obtained when a temperature is found at 
which the deposit-indicating microammeter is 
stationary and therefore indicating a constant 
deposit in equilibrium with the air. 

The layout of the photo-electric instrument 
is shown diagrammatically in Fig. 3. The 
thimble, which is of copper, has a disc of gold 
soldered on to the top. The gold surface is 
given a mirror polish. Light from a lamp is 
reflected from the top surface of the thimble at 
an angle of incidence of 45° into a carefully 
made light absorber. The photo-cell ‘‘looks”’ 
down perpendicularly on to the thimble top 
and “‘sees’’ light scattered by the deposit. In 
this instrument a large air blast of outside 
air is directed across the surface of the 
thimble, as it is not necessary to obtain the 
deposit in a streak of limited area. 

The output of the photo-electric cell is 
amplified by a single-stage of D.C. valve 
amplification. The observer is thus presented 
by an indicating microammeter the move- 
ments of which represent changes of the hoar- 
frost deposit, and, by controlled operation of 
the cooling pump, the microammeter needle 
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Fig. 3 


Diagram showing the principle of the frost-point 
hygrometer with photo-electric deposit indicator. 


can be held steady. When this condition is 
obtained the thimble temperature is read, 
which gives the frost-point directly. This 
operation is very much simpler than the 
highly subjective eye observation. 

The thimble thermometry in the first instru- 
ment of this type has been by thermocouples, 
but it is hoped to use a resistance thermometer 
in future. For aircraft use, a resistance ther- 
mometer is very much more advantageous 
than thermocouples on account of the very 
much greater power output which is available 
from the resistance thermometer, to operate 
the necessary indicator. 


The operation of a Frost-Point Hygrometer 
at low temperatures. 


The photo-electric instrument has been 
used to make very careful tests of the ac- 
curacy of this method of measuring the water 
vapour content. The tests have shown at 
the reading obtained does not change for all 


reasonable changes in the intensity of the 
illuminating lamp, nor for reasonable varia- 
tions of the speed at which the thimble surface 
is ventilated. Nor does it depend upon 
whether a large, or a very small deposit is 
used, so long as it is held constant. 

Also, when air at a frost point of —78.5° C. 
was prepared by passing slightly moister air 
through a copper spiral, and a large cotton 
wool filter, all immersed in a solid CO, bath 
(which gives a constant temperature of 
—78.5° C.) the frost-point of the air was 
correctly measured by the instrument to with- 
in the experimental error, which at this tem- 
perature is about +1° C. These tests have 
unfortunately also shown that a frost-point 
hygrometer can never be made to work at a 
frost point below about —90° C. (183° a.). 
This has been shown as follows : — 

Consider an experiment made with air of a 
frost-point of 215° a., in which the rate of in- 
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Fig. 4 
Apparent rate of deposition of ice in the frost- 
point hygrometer with different temperatures of 
the thimble and with air of different water contents 
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crease of the deposit is being measured for 
different thimble temperatures. It is found, 
as shown in curve 4, Fig. 4, that, as the 
thimble temperature is lowered, the rate of 
deposition increases rapidly to a maximum 
value, and then decreases until when the 
thimble is held at a temperature of 183° a., or 
lower, only a very slow rate of deposition is 
obtained. Similar results but with a lower 
maximum rate of deposition have been ob- 
tained for air with frost points of 205° a., and 
196° a., as shown at curves 2 and 3, Fig. 5. 
It is always found that if the thimble tempera- 
ture is below about 180° a., only very slow 
rates of deposition can be obtained, even if the 
air is moist. 

It is therefore expected that if air of a frost- 
point of 187° a. were used the curve obtained 
would be that shown at the hypothetical 
curve 1 in Fig. 4, and if air of a frost-point of 
180° a. were used, the curve would vanish 
altogether, and no measurement could 
possibly be made. 

This effect , which is due to the deposition 
of the ice in the form of a glassy and quite 
invisible coat, is most unfortunate because 
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Fig. 5 
Frost-points and air temperatures observed on the 
first ascent when humidities were measured in the 
stratosphere. Boscombe Down, 22nd Dec., 1943. 
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temperatures of 180° a. are found at the 
tropopause at the equator, and it will not be 
possible to measure the humidity of such air 
directly. 

When an aircraft, with a ceiling of 55,000 
ft. to 60,000 ft. is available, we look forward 
to attempting these measurements, but it will 
be necessary to develop some trick to keep the 
hygrometer working. The most hopeful 
method would be to compress the air before 
measuring its humidity. If the air were com- 
pressed 10 or 15 times, that is from about 
100 mbs. to about 1,500 mbs., the frost-point 
would rise slightly more than 10° C. This 
would probably be sufficient to make a 
measurement possible. 


The resulis of measurements of humidity. 


The interest which attaches to the humidity 
of the air at high levels may be seen by the 
fact that, in the two or three years before the 
War, approximately every other number of 
the Quarterly Journal of the Royal Meteoro- 
logical Society contained a reference to the 
unknown water content in the stratosphere. 

In all our ascents in which we have defi- 
nitely penetrated into the stratosphere we 
have observed a very rapid fall in water con- 
tent, and therefore of relative humidity, 
immediately on entering the stratosphere, and 
in all cases the relative humidity 2,000 ft. or 
3,000 ft. above the tropopause has been of 
the order of 1%. 

The first ascent in which we penetrated 
into the stratosphere, was made on 22nd 
December, 1943, in a Fortress aircraft, and 
the results are shown in Fig. 5. The tropo- 
pause is clearly seen a little above 9 km. 
(30,000 ft.). Just below the tropopause the 
frost-point and air temperature curves are 
close together, indicating a high relative 
humidity, but immediately on entering the 
stratosphere the frost-point falls off very 
rapidly, until, above about 10 km. the air was 
so dry that the thimble could not be cooled 
enough to obtain any deposit with the cooling 
system then in use. The corresponding rela- 
tive humidity is less than 1%. 
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BOSCOMBE DOWN 
5 May 1944 
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Temperature un ° Abs. 
Fig. 6 
Frost-points and air temperatures observed on 5th 
May, 1944. 


Fig. 6 shows a later ascent, and the first in 
which improved cooling arrangements en- 
abled observations to be continued a consider- 
able distance into the stratosphere. The 
general effect of a rapid fall of humidity on 
entering the stratosphere, is again very clearly 
shown. Fig. 7 is another ascent showing the 
same feature. 

We may also examine the humidity obser- 
vations at lower levels in these ascents. The 
first ascent was made in strongly subsiding 
polar air, as is shown by the great separation 
of the air temperature and frost-point curves 
at lower levels. (The relative humidity at 
3km. is only 2.2%.) The second ascent, Fig. 
6, shows air in which there is only a very 
moderate separation of the temperature and 
frost-point curves, showing only very weak 
subsidence. On the other hand the ascent of 
30th May shows very moist air at all levels 
below the stratosphere, and complete absence 
of subsidence—a type of ascent which we 
have only obtained during spells of unsettled 
weather. 

We see then that though these three 
ascents represent very different types of 


conditions in the troposphere, all show very 
low humidities in the stratosphere. 

We shall find later that the theoretical con- 
siderations of the temperature of the strato- 
sphere are very dependent upon the water 
content of the stratosphere, and early workers 
were very troubled by lack of knowledge of 
the water content. Recent spectroscopic 
measurements have shown that the impor- 
tance of water is probably much less than was 
thought, but these humidity measurements 
show that the water content is only about 
1/50th of the expected amount. Together, 
these considerations greatly reduce the impor- 
tance of the water vapour, and make it 
reasonable to suppose that variations of 
ozone content are of greater importance than 
variations of water content. 


Mixing in the upper air. 

It has always seemed most remarkable to 
us that such a large discontinuity of water 
vapour content, such as is seen at the tropo- 
pause in Fig. 7 (30th May, 1945), could per- 
sist. If the track of the air is traced back- 
wards, as well as observation of wind, etc., 
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Fig. 7 

Frost-points and air temperatures observed at 

Boscombe Down, 30th May, 1945, 13.00 G.M.T. 

The frost-point at the top was the lowest yet 
observed. 
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permit, there is no evidence of how or when 
the drying of the stratospheric air took place. 
The air was probably dried out by cooling at 
the tropopause in equatorial regions, but in 
every case this must have been some time pre- 
viously. In ascent 1, Fig. 5, the air was over 
Baffin Land 3-4 days previously and it could 
hardly have been over the equator less than 
7-10 days earlier. Yet during this time 
vertical movements have not destroyed the 
discontinuity by mixing. 

We find, however, that this effect also 
occurs at low levels. In the inversion which 
is usually found at low altitudes in anti- 
cyclonic weather, very intense stratification 
of water content with height persists for long 
periods, even though immediately below the 
inversion there may be the intense turbulence 
of the instability produced by the heat of 
summer. Fig. 8 shows the results of an ascent 
in an anticyclone and it will be seen that be- 
tween 1 km. and about 1.7 km. the frost-point 
falls off to 233° a. and then rises again. Fig. 
9 shows the same data in which the water 
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Frost-points and air temperatures observed in an 
anticylonic inversion, 21st March, 1945. 
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Fig. 9 
Humidity mixing ratios on 21st March, 1945. 


Humidity mixing ratio 


content per gram of air is plotted on a log- 
arithmic scale. If there were complete mixing, 
this ratio would be the same at all levels; 
actually the ratio decreases by 13:1 between 
914 metres and 1,530 metres, and then in- 
creases again by about 10:1 between 1,530 
metres and 1,680 metres, a depth of only 150 
metres or 500 ft. 

If these differences can persist at low levels, 
immediately above the intensely turbulent 
“friction layer,’’ it is not surprising that simi- 
lar differences can persist at the tropopause. 
Vertical currents which would cause mixing, 
and also bumps on an aircraft, must be very 
heavily suppressed by the stability of the air. 
‘“‘Bumps’’ do occasionally occur in the strato- 
sphere, but they must be very shallow and 
certainly cannot be due to up and down 
currents which pass through the tropopause. 
If they passed through the tropopause the 
humidity discontinuity would be very quickly 
removed by the consequent mixing. 


Condensation Trails. 

This work on high altitude hygrometry was 
started by the need for knowledge about con- 
densation trails from aircraft. The results 
which have been obtained show that the 
persistent trail is only formed when the air is 
completely saturated, or more often super- 
saturated, with respect to ice. Trails are 
formed from the exhaust gases, only at tem- 
peratures below a critical value which varies 
according to height and humidity. In Eng- 
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land this critical temperature varies from 
about — 40° C. for saturated air and — 54° C. 
for absolutely dry air. If the relative humidity 
is low the trail evaporates, and, as we have 
seen, in the stratosphere the humidity is 
always very low, so it is found that condensa- 
tion trails are always short in the stratosphere. 

It has also been found that the air is quite 
often supersaturated with respect to ice, even 
at quite moderate levels, provided that the 
temperature is below freezing point, and in 
this case the aircraft may produce a trail, even 
though the temperature is too high for the 
exhaust type of trail. The reason for the trail 
in this case is simply that the air, because it is 
supersaturated, is unstable. The passage of 
the aircraft provides nucleii upon which the 
water can condense and form a trail, which 
is sometimes quite dense. If the temperature 
of the air is fairly high, the heat of the engines 
temporarily dries out the air, so that the trail 
cannot form until this heat has been dissipated 
away. This accounts for the gap which is 
often found between a trail of this kind and 
the aircraft which has caused it. 


4. OZONE 

Ozone, which is a modified form of oxygen, 
in which each molecule contains three atoms 
instead of two, as in the usual form of oxygen, 
is present in the upper atmosphere in very 
small proportions. Owing to the fact that it 
absorbs ultra-violet solar radiation extremely 
strongly between the wavelengths of 3,200 
A.U. and 2,200 A.U., and also absorbs the 
infra-red radiation leaving the earth in two 
bands centred at 4.7 » and 9.7 pn, it is very 
important in governing the temperature of the 
upper air. The details of this process we shall 
discuss in the next section. 

It is comparatively easy to measure the 
total amount of ozone in the atmosphere 
above any place, by measuring the intensity 
of the ultra-violet spectrum of the sun, both 
in those wavelengths which are absorbed by 
ozone and those which are not so absorbed. 
Clearly, the greater the amount of ozone, the 
more will the energy in the first group of 
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wavelengths be reduced, relative to that in the 
second group. Observations made in this way 
are accurate to 1% or 2%. It is usual to 
express the amount of ozone in the atmo- 
sphere by giving the thickness of a layer of 
pure gas, at normal temperature and pressure, 
which would be equal in amount to that 
actually existing in the atmosphere. Expressed 
in this way the smallest amount measured is 
about 1.5 mm., while the largest is about 4.5 
mm. In the same units the amount of oxygen 
in the atmosphere would be equal to about 
1.6 km. 

The total amount of ozone above any place 
varies with the season of the year, with the 
latitude and with the meteorological condi- 
tions. Everywhere, except near the equator, 
the amount is greatest in the spring and least 
in the autumn (in high latitudes it seems to be 
least about mid-winter). There is thus a 
general fall during the summer, and a general 
rise during the winter. (In high northern 
latitudes the rise is very rapid and is confined 
to January and February.) In high latitudes 
the annual variation is very large, while it 
vanishes near the equator, where, throughout 
the year the amount of ozone is low—about 
2mm. or less. In spring the amount of ozone 
in polar regions is probably about 4.5 mm. 
and there is a very rapid change with latitude, 
but in autumn—owing to the very large 
annual variation—there is but little change 
with latitude. 

Superposed on the general variations with 
season and latitude, are changes from day to 
day and from place to place which may be 
large and rapid, so that a day of low ozone in 
spring may have about the same value as a 
day of high ozone in autumn, while in the 
British Isles the lowest ozone may be as low 
as that found at the equator, or nearly as 
high as that found in high latitude stations. 
These rapid variations are intimately asso- 
ciated with the meteorological conditions, and 
to a large extent at any rate, are connected 
with broad, deep currents of air bringing high 
ozone from polar regions, or low ozone from 
near the equator. 
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The vertical distribution of the ozone in 
the atmosphere has been measured by two 
methods: (1) observations were made by the 
manned balloon Explorer II, similar to those 
made at ground level, so that the amount of 
ozone above any height is found. Similar 
measurements have also been made by 
Regener, using instruments sent up on un- 
manned balloons. (2) Observations are made 
at ground level of the absorption by the ozone 
of the light received from the zenith sky as 
well as that received in the direct solar beam. 
If these observations are continued from sun- 
rise to mid-day, or from mid-day to sunset, 
it is possible to deduce from them how the 
ozone is distributed vertically. The general 
result of such observations is to show that 
there is little ozone in the troposphere and that 
most of it is situated at heights of between 
10 km. and 30 km. While there is some un- 


Depression with 
; warm sector 


Isobars 


Occluded 


depression 


Fig. 10 
A composite diagram showing the distribution 
around a typical young depression with a well- 
marked warm sector and an old, occluded 
depression. 
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certainty about the exact distribution with 
height, the centre of gravity of the ozone can 
be fixed with accuracy from the second 
method at 22 km. It can also be shown that 
the greatest changes in concentration occur 
at heights between 10 km. and 20 km. This 
latter point is important when we consider 
the effect of varying amounts of ozone on the 
temperature of the stratosphere in the last 
section. 

As already mentioned, the amount of ozone 
is closely connected with the meteorological 
situation, thus, on the whole, cyclonic condi- 
tions tend to have high ozone values and 
anticyclonic conditions low ozone values. In 
the case of cyclones, there is a difference 
according to whether the cyclone is young or 
old, and Fig. 10 gives a general picture of the 
distribution of ozone in a young cyclone with 
a large warm sector and in an old one which 
is entirely occluded. Fig. 11 gives the same 
information for a typical warm anticyclone. 

As might be expected the passage of 
‘fronts’ is accompanied by a marked change 
in the amount of ozone, but, as the frontal 
surface of the upper air slopes backwards or 
forwards at quite a small angle to the hori- 
zontal, and, as the ozone changes mainly 
take place at a height of 10 km. to 20 km., 
the ozone changes may occur many hours 
before or after the passage of the front at the 
surface. Fig. 12 shows the weather maps of 
November 17th to 19th, 1940, when a warm 
front was approaching the British Isles. The 
ozone values (expressed in this case as a per- 
centage of the normal for the time of year) 
are given within the circles over the places of 
observation. The very large fall of ozone at 
Valentia on the second day (122% to 88%) 
took place while the surface warm front was 
several hundred miles to the westward, but 
the front did not affect the ozone as observed 
in Great Britain until the third day, and even 
at this time the surface front was still west of 
Ireland. The fall in the ozone value is pre- 
sumably due to the arrival of a broad stream 
of air from low latitudes. It is of interest to 
note that this stream of equatorial air must 
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have been 15 km. to 20 km. deep at least. 
Fig. 13 indicates the probable position of the 


frontal surface in the upper air. 


At a warm front warm air replaces cold 
air, while at a cold front, cold air replaces 
warm air and we might expect that the pas- 


Pressure 


ALTITUDE AVIATION 


Distribution of ozone in a typical warm anticyclone. 


sage of a cold front would be accompanied 
by a rise in the ozone. This is found to be 
the case, and since the cold front slopes back- 
wards, the change in the ozone generally takes 
place some time after the passage of the front 
at the surface. Thus the approach of a cold 


100 


a 


- 


13 17 Nov. [940 


13 br., 18 Nov. 1940 
Fig: 12 


13 19 Nov. 1940 


Weather maps showing advancing warm front and observed ozone values expressed as percentages 
of the mean value for the season. 
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Region of ozone fall 


1000 km. 
Fig. 13 
Cross-section of the atmosphere through the warm 
front of Fig. 12 showing the region of fall in ozone 
values. 

front cannot usually be forecast from the 
change in the ozone. Fig. 14 shows weather 
maps during the passage of a cold front, and 
the observed changes in the ozone. At times, 
a rapid rise in the amount of ozone is found 
a hundred miles or so ahead of a cold front, 
in a region where the sky is perfectly cloud- 
less. A cold front slopes backwards in the 
troposphere but forwards in the stratosphere. 
Presumably in the peculiar cases mentioned, 
the forward slope in the stratosphere was 
sufficient to bring the change in ozone ahead 
of the surface cold front and, since there are 
no clouds in the stratosphere, the sky was still 
cloudless. 

A cold front tends to move faster than a 
waim front and to catch it up, so that the 
warm air between them is gradually squeezed 
out, but since in the troposphere the fronts 
slope away from each other, there will still 
be warm air above after the warm and cold 
fronts have come together at the surface. This 
condition is seen in the northern part of the 
map for November 19th (Fig. 12). Sucha 
front is called an occlusion. So far as the 
ozone is concerned, being situated in the 
upper air, this type of occlusion causes 
changes similar to a warm front as shown by 
the low value observed in the Shetland Isles 
on November 19th. Unfortunately occlusions 
are not always so simple as this, and in many 
cases where occlusions are shown on weather 
maps there seems to be no warm air near, but 
rather the air above the occlusion is colder 
than its surroundings. When occlusions of this 
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sort pass, the ozone frequently shows a 
marked rise, the maximum ocurring just as 
the occlusion passes the observing station. 
Frequently the rise and subsequent fall occur 
within a few hours. 

Such, briefly, are the changes in the amount 
of ozone associated with different meteorologi- 
cal conditions. Whether these changes can all 
be accounted for by changes in the origin of 
the air currents passing over the observing 
station, or whether there may be a definite 
formation or destruction of ozone locally, is 
by no means certain at present. This, how- 
ever, does not affect the importance of the 
effect of the quantity of ozone on the tempera- 
ture of the stratosphere which we shall discuss 
in the next section. 


5. CONTROL OF UPPER AIR 
TEMPERATURES 
Solar radiation is almost entirely responsible 
for warming the surface of the earth and the 
atmosphere, and since the average tempera- 


Figures thus [253] are temperatures at 7 km. 
S__2992 


07 br., 
June 1940 


» 07 br., 
Pa 25 June 1940 
Fig. 14 
Weather maps showing the advancing cold front 
and the rise in ozone values behind the front. 


Ozone values expressed as a percentage of the 
mean value for the season. 
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ture is not changing appreciably over a long 
period of time, it is clear that as much heat 
must be radiated away from the earth as is 
absorbed by it. Nearly half of the solar 
radiation reaching the earth is reflected by 
clouds and the earth’s surface, without being 
absorbed, and therefore plays no part in 
warming the earth. We are here only con- 
cerned with that part which is absorbed and 
goes to warm the earth and the atmosphere. 
The sun’s radiation is mainly within the 
visible part of the spectrum (4,000 A.U. to 
8,000 A.U.), and practically the whole of it 
is of wavelengths between 2,000 A.U. and 
20,000 A.U. Oxygen and nitrogen are almost 
completely transparent to radiation of these 
wavelengths, while, of the other minor gases, 
ozone very strongly absorbs radiation of 
wavelengths between 2,200 A.U. and 3,200 
A.U., and also absorbs slightly in the yellow- 
green region. Water vapour absorbs a small 
amount of solar energy, chiefly in the near 
infra-red. The ultra-violet absorption by 
ozone, which we shall discuss later, takes 
place very high in the atmosphere, and except 
for this the direct absorption of solar energy 
is almost negligible, the lower atmosphere 
being warmed from the ground where the 
main absorption of sunlight takes place. Heat 
from the ground is transferred to the atmos- 
phere, partly by direct contact and partly by 
the evaporation of water at the ground and 
its subsequent condensation in the free air. 
Turning now to the outward radiation from 
the earth and atmosphere which, as we have 
shown, must be equal in amount to the in- 
coming solar radiation absorbed, it is impor- 
tant to note that it is in quite a different part 
of the spectrum from sunlight, being in the 
infra-red region, chiefly between the wave- 
lengths of 2 » and 50 » with its maximum 
intensity at about 10 . There is also the im- 
portant difference from sunlight that, while 
the chief gases of the atmosphere are trans- 
parent to these long wavelengths, the three 
gases, water vapour, carbon dioxide and 
ozone, absorb certain of these wavelengths 
strongly. In the lower atmosphere the absorp- 
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tion by water vapour is much more important 
than that of the other two owing to the rela- 
tively large amount of water vapour present. 
At very great heights in the atmosphere the 
amount of water vapour is small, and the 
absorption by each of the three gases seems 
to be roughly of equal importance. The most 
important infra-red absorption by ozone is in 
a rather narrow band centred at about 9.7 », 
while the most important absorption by car- 
bon dioxide is in a somewhat wider band 
centred at 14.9 ». The absorption spectrum 
of water vapour is very complex, as there are 
many minor absorption bands, but the most 
important absorption is in a fairly wide band 
centred at 6.7 » and in a very wide band ex- 
tending from about 15 » or 20 » down to the 
very long wavelengths. Water vapour is 
nearly transparent to wavelengths around 
10 

Now any gas can radiate only those wave- 
lengths which it can absorb, and if it absorbs 
strongly it will also radiate strongly, but it 
can never radiate any wavelength more 
strongly than a “‘black body’’ would do, if it 
were at the same temperature as the radiating 
gas. Further, at very great heights in the 
atmosphere where the amounts of ozone, 
carbon dioxide and water vapour are small, 
the absorption of outgoing radiation will be 
so small that the stream of outgoing radiation 
will be nearly uniform at all levels and down- 
ward radiation from the atmosphere still 
higher will be unimportant. Under these 
simple conditions we can calculate what tem- 
perature any one of the three absorbing gases 
would attain, if it existed alone at this height. 
Since the gas is receiving radiation from the 
lower hemisphere only (assuming that solar 
radiation is not absorbed, a point which we 
shall have to modify slightly later), while it 
is radiating over a full sphere, its equilibrium 
temperature will be lower than the source from 
which it receives radiation. The actual ratio 
of the temperatures of the source and absorber 
will depend on the wavelength of the absor- 
bing band in which energy is being exchanged. 
Owing to the relatively large amount of water 
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vapour in the lower atmosphere, the whole of 
the radiation emitted by the earth (except for 
the transparent region around 10 ) will be 
absorbed by the air at low levels and radiated 
by it again. Of this radiation some will pass 
upwards and some downwards, and each part 
will again be absorbed before it has travelled 
far through the atmosphere. The intensity of 
radiation traversing the atmosphere will thus 
fall off rapidly with height, and it is probably 
not before we reach the upper part of the 
troposphere that any energy can be radiated 
away to space (except, again, for the region 
near i0 u where water vapour is transparent) . 
Thus it comes about that the source of radia- 
tion which is absorbed by water vapour and 
carbon dioxide at very great heights, is the 
upper troposphere where the temperature is 
about 233° a. 

The position of ozone is very different. The 
main ozone absorption band at 9.7 » falls in 
the centre of the region where water vapour is 
transparent, and also the main concentration 
of ozone is in the stratosphere. As a result 
the earth’s surface, at the relatively high tem- 
perature of about 280° a., is the source of the 
radiation received by the ozone. On account 
of the high temperature of the source and the 
fact that the absorption band is at 9.7 p» 
(rather than at 20 » as for water vapour) the 
equilibrium temperature of the ozone is very 
much higher than that of the water vapour or 
carbon dioxide. 

Making the best estimates that we can at 
present of the relative amounts of water 
vapour, carbon dioxide and ozone in the 
upper air, and allowing for the differences in 
the wavelengths of their absorbing bands, we 
find that each of these gases absorbs about as 
much energy as the others. If any one of 
these three gases existed alone in the upper 
atmosphere the equilibrium temperature, 
when absorbed and radiated energy were 
equal, would be approximately : — 

Water vapour probably about 170° to 
180° a. 

Carbon dioxide about 200° a. 

Ozone about 250° a. 
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(during the daytime the ozone will absorb 
some solar radiation and this will raise its 
temperature above 250° a). Since we believe 
that the energy absorbed by each of the three 
gases is roughly equal, we should expect that 


the actual temperature of the upper atmos. | 


phere would be between the two extremes 
given above, and would depend on the rela- 


tive amounts of the gases present. Further, | 


we know that both ozone and water vapour 
are variable in amount—though the amount 
of carbon dioxide at any height is likely to be 
constant — and we may expect that the 
radiation equilibrium temperature of the 
upper atmosphere will rise and fall as the 
ratio of ozone to water vapour increases or 
decreases. We shall see that this is a most 
important deduction. 

Returning for a moment to the lower atmos- 
phere, we stated earlier that the stream of 
radiation passing through the atmosphere 
would fall rapidly with height above the 
ground. This would lead to a rapid fall in the 
temperature, if it were governed by radiative 
equilibrium. Such conditions would, how- 
ever, be unstable, and convection currents 
would reduce the temperature lapse rate to the 
observed value of some 5° to 8° C. per km. 
At some height the air temperature given by 
this convective lapse rate would become equal 
to the radiation equilibrium temperature and 
above this the temperature would be governed 
by radiation, giving rise to the thermal divi- 
sion of the atmosphere into two parts, viz., 
into troposphere and stratosphere. 

Before returning to further consideration of 
the variations in the temperature of the 
stratosphere we must refer to the very warm 
region at the great height of 40 km. and more. 
It is not, of course, possible to send recording 
instruments on balloons up to these great 
heights, and the information about the tem- 
perature here has been obtained by indirect 
methods. Initially, certain deductions from 
observation of meteors indicated that the tem- 
perature here was much higher than that of 
the stratosphere. Then it was found that this 
high temperature region would explain the 
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cases when sound from a great explosion is 
heard at a distance of more than 100 km., 
while it may not be heard at intermediate 
distances. It was also shown that careful 
measurement of the sound waves received at 
these great distances could be used to estimate 
the temperature at heights of 40 km. to 60 
km., where the upward travelling sound 
waves are bent down to earth again. From 
such observations we now know that the tem- 
perature almost certainly rises from about 
220° a. at 35 km. to 350° a. or 400° a. at 
heights of 50 km. to 60 km. 

The reason for the existence of this upper 
warm region, is that ozone—and to a smaller 
extent oxygen—absorb solar energy of wave- 
lengths shorter than about 3,200 A.U., 
amounting to about 5% of the total solar 
energy received by the earth. The tempera- 
ture of the air must then rise until it can radi- 
ate away this relatively large amount of heat 
received. There is probably little ozone at 
these great heights, but the absorption of 
these ultra-violet wavelengths by ozone is so 
great that nearly all the incoming energy 
which can be absorbed is absorbed by the 
first traces of ozone through which the sun- 
light passes. Only a little energy in those 
wavelengths near the edges of the absorption 
band will pass downwards to be absorbed by 
the ozone in the lower stratosphere, raising its 
equilibrium temperature a little. 

Returning now to the lower stratosphere, 
observation shows that its temperature rises 
slowly with increasing height: that it is 
warmer over high latitudes than over low 
latitudes, with the exception that in very high 
latitudes in mid-winter the temperature is 
lower than in temperate regions: that the base 
of the stratosphere is much higher in low 
latitudes than in high latitudes: and finally 
that. in the annual variation of temperature, 
the phase in the stratosphere is in advance of 
that at the earth’s surface, or at any level in 
the troposphere. All these rather unexpected 
characteristics appear to be explained if we 
assume that the variations in stratosphere 
temperature are governed by variations in the 
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relative amounts of water vapour and ozone 
present, and that the larger the amount of 
ozone relative to that of water vapour the 
higher will be the temperature. Unfortunately 
we still know very little about the variations 
in the amount of water vapour, and nothing 
about its amount above 12 km.; also, our 
observations of the day-to-day changes in 
ozone, give the total amount of ozone in the 
atmosphere and not the concentration at the 
particular heights we now require. We have, 
therefore, to assume that an increase in the 
total quantity of ozone coincides with an 
increase in the ozone/water-vapour ratio. 
Even this rough assumption, probably in- 
accurate on many days, explains the above 
four typical variations in stratosphere condi- 
tions, which are otherwise somewhat of a 
mystery. 

Thus, the rise of temperature with height 
appears to be a natural consequence of the 
increase in concentration of ozone with height 
at these levels: the general higher stratosphere 
temperature over the poles is to be expected 
from the larger amount of ozone there, while 
the somewhat lower temperature in winter at 
the poles than over middle latitudes is to be 
expected from the low ozone value found in 
winter in very high latitudes: since the base 
of the stratosphere is fixed by the height at 
which the temperature in the lower air, 
governed by surface heating and turbulence, 
becomes equal to the radiation equilibrium 
temperature, the stratosphere will naturally 
begin at a higher level over the equator than 
over the poles: finally, the advance in the 
phase of the annual variation of temperature 
is to be expected from the annual variation in 
the amount of ozone, which has a maximum 
in spring and a minimum in autumn. There 
will be more ozone present a month before 
midsummer than a month after midsummer 
and this will raise the temperature, while a 
similar argument applies to the winter. It 
seems to us that these points are a very strong 
argument for the correctness of the supposi- 
tion that an increase in the relative amount of 
ozone to water vapour leads to a rise in the 
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stratosphere temperature and vice versa. 


Indeed, it seems difficult to find any 
other explanation for some of these 
characteristics. 
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DISCUSSION 


Air Vice-Marshal D. C. T. BENNETT, 
C.B., D.S.O. (British South American Air- 
ways Corporation, Fellow): He welcomed the 
paper as giving considerable hope for the 
future. The problem of flying at very high 
altitudes had been largely a matter of specu- 
lation, for, with all due respect to the 
meteorological profession, the data available 
had been somewhat limited. It was encour- 
aging to learn from the paper that so much 
work had in fact been going on and that data 
had already been acquired concerning three, 
at least, of the important factors in the upper 
air. It was a little worrying when the engine 
people said that they must fly in conditions 
in which the cooling problem was easiest, 
and when others said, on the other hand, 
that they must fly where the atmospheric 
conditions were best. 

He appreciated most sincerely the excel- 
lent work which the meteorologists had done 
on temperature, humidity and ozone content, 
for it had much value for aviation, but he 
was a little disappointed that the authors had 
not said more about the upper winds, with 
which aviators had to deal quite a lot. If 
he was still allowed to make any demand 
upon the meteorological profession, he would 
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renew the demand he had been making for 
many years for more information concerning 
the winds at the higher levels. He hoped 
they would be as kind as were temperature 
and humidity, but they might prove to be 
extreme. Long-term planning was required, 
which might involve flight at very high 
levels, and it was most important to know 
just what the winds were doing at those 
levels. 

He congratulated the authors on_ their 
excellent exposition of the problem. 


Mr. C. C. WALKER, A.M.Inst.C.E. 
(Fellow): He was rather relieved that Pro- 
fessor Dobson, when introducing the paper, 
had not used the word ‘‘subsidence,’’ which 
was used in the published paper. When they 
were using the stratosphere they should have 
very low rates of climb. and what might be, 
from the meteorological point of view, a mild 
subsidence, could almost eliminate their 
stratosphere flight. That would be the result, 
for instance, if it could ever reach 500 ft. per 
minute. They would then have to get down 
to the troposphere again. So that he hoped 
it was not a very serious fear. 

A statement which he had seen in Napiet 
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Shaw’s book and which filled one with fore- 
boding, was to the effect that the percentage 
of oxygen in the air decreased rather dras- 
tically from the stratosphere upwards; he 
believed that that was associated with the 
name of Chapman. Already, however, they 
knew from actual flying that that was not so; 
but if there were a chance of it occurring a 
little higher, to hear more about it would be 
worth while. 


On many occasions he had asked why the 
air was colder at the top of a mountain than 
at ground level, but he had not been able to 
obtain a satisfactory reply. He had gathered 
from the authors that the re-radiation from 
the earth warmed the atmosphere and became 
absorbed, warming the higher part of the 
atmosphere less than the lower part, so that 
there was a decreasing temperature with 
increasing height, that being modified by con- 
vection to what they always observed. That 
seemed to be a satisfactory explanation; but 
he wondered whether it was consistent with 
the fact that an extensive table-land at a good 
elevation, where those ‘“‘green-house’’ con- 
ditions were less strong, was colder than 
ground level. 


With regard to condensation trails, he sup- 
posed the presence of the atmosphere was 
incidental, i.c., if there were 10 mg. of mois- 
ture per cubic metre at a temperature of 
~56° C., and if any water at all were put 
out from the exhaust, it would form a cloud, 
whether air was present or not. It seemed 
that those quantities of moisture were so 
minute at a height that if water were being 
emitted from the exhaust it did not make a 
great deal of difference whether the air was 
at 1 per cent. or 100 per cent. humidity. He 
would like further information on that 
matter. 


On the question of the hearing of explo- 
sions at long range, he could not quite see 
from the authors’ graph whether the sound 
was refracted or reflected. If it were 
refracted, presumably it would be due to the 


high temperatures at 40 or 50 km. allowing 
the waves to bend over. During the 1914-18 
War the sounds of the guns in Flanders were 
plainly audible in all the Home Counties, 
including north-west London; they were very 
faint, but they were plain. Each year, 
throughout practically the whole summer, 
the sounds of the guns could be heard, but 
there was never a hint of those sounds during 
winter; he had paid particular attention to 
the matter, but had never heard the sounds 
during winter. Did that fact line up with 
anything that was known about the atmos- 
phere? 

Anxiety with regard to the meteorology of 
the stratosphere from the aeroplane point of 
view must be ovious. They had the pros- 
pect of only just about getting there, and 
they must go there if they were to use jet 
propulsion. Thus, everything that they 
could learn about it was intensely valuable, 
and all who were concerned with flying were 
most grateful to the authors of the paper for 
such a valuable disclosure of the latest know- 
ledge. 


Mr. H. Bateman, A.C.G.I.,_ B.Sc., 
D.I.C. (Associate Fellow): The frost-point 
hygrometer seemed a very valuable instru- 
ment, as it indicated humidity at tempera- 
tures below freezing point. He was interested 
in the sudden change at 190° a., represent- 
ing the change from the hoar frost to the 
glacial ice condition. Were the authors satis- 
fied with the calibration of the instrument 
over this range? 

It would be very interesting if the authors 
could give a second lecture dealing with 
another aspect of meteorology, namely, the 
variation of wind speed with height and 
climatic conditions at high altitudes. If there 
was a belt of high-speed air sandwiched 
between two much lower speed belts there 
should be considerable turbulence in that 
region. Could the lecturers say a few words 
on this subject, which was of immediate 
interest? 


807 


| 


METEOROLOGY AND 
Dr. A. P. THurston: The excellence of 
the paper led one to ask for more informa- 
tion, particularly on the resistance of the air 
at the various heights. If the authors could 
apply their knowledge and their clear 
methods of analysis to that problem it would 
be appreciated by all who were dealing with 
aeronautics. 


Mr. B. N. WALLIs (Vickers-Armstrongs 
Ltd., Fellow): It was difficult for anyone 
interested in the long-term planning of avia- 
tion to exaggerate the importance of the work 
which the authors were doing. The collabor- 
ation of meteorologists with those engaged 
on aircraft research programmes would prove 
a valuable partnership. 


A SPEAKER: What was the cause of the 
variations of the amounts of ozone in the 
different parts of the atmosphere at different 
times and at different places? 


Mr. CLARKE: The authors had referred to 
water vapour and CO,; he would like 
information about other inert gases in the 
atmosphere, particularly argon. 


The PRESIDENT: The uniform dryness of 
the atmosphere at the higher levels would 
greatly simplify the problem of pressurisa- 
tion, for there would be a constant, instead 
of a variable, degree of humidity. On the 
other hand, the authors’ curves had shown 
variation of moisture content at the various 
levels on the way up to the stratosphere. 
That meant, presumably, that if the degree 
of humidity in the cabin was appropriate to 
the conditions at altitude and remained con- 
stant all the way up, the occupants of the 
aircraft would be in an atmosphere akin to 
that of the Turkish bath until a height of 
40,000 or 50,000 ft. was reached, and after 
that they would be comfortable. Presumably, 
during the descent the same difficulty would 
arise. It would appear that if the aircraft 
were able to attain great heights very 
quickly, the problem would become very 
much easier. 
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The point raised concerning adverse and 
favourable winds encountered at great 
heights was one which greatly concerned 
aeronautics, and information with regard to 
them would be received with gratitude. 


Professor Dosson: There was no doubt 
that all meteorologists appreciated the great 
importance of the problem of winds at high 
altitudes, but not very much was known 
about them yet. Professor Sheppard might 
be asked to speak, for probably he had more 
information on the matter than had _ the 
authors. 

It was necessary that observations should 
be made by a large organisation such as the 
Meteorological Office rather than by indivi- 
duals. A great many observations had been 
made within the British Isles recently, and to 
some extent over a considerable area of 
north-western Europe since the end of the 
war. It was necessary that they should cover 
a very large area of the world. 


Professor SHEPPARD: It was true that they 
did not know a tenth as much as they would 
like about the winds of the upper tropo- 
sphere and lower stratosphere but the picture 
was perhaps not quite so depressing as Pro- 
fessor Dobson had suggested. The measure- 
ment of the wind up to a height of 15 km. 
or more over western Europe had been pro- 
ceeding independently of cloud cover for 
about six years, while upper air charts for 
North America, the North Atlantic and 
Western Europe added considerably to their 
knowledge of wind in those areas for levels 
up to about 10 km. As a result sufficient 
information was available to provide a first 
approximation to the mean conditions and 
also to the considerable variations about that 
mean from day to day, and from place to 
place at a given time for much of the tem- 
perate region in the northern hemisphere. 
The authors had in fact dealt with the 
problem to some extent in their paper, 
stressing the important fact that, while the 
wind speed increased in general with height 
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(in temperate latitudes) from the surface 
to the tropopause, it fell off quite appreciably 
above. The observations were quite clear cut 
on that and they hung together with other 
information about the upper atmosphere. 

So that in regard to making plans for, say, 
trans-Atlantic crossings, fairly adequate 
information could be provided about the 
wind up to present-day operational heights 
and, within a part of the region, up to heights 
which might be reached within a fair number 
of years. 

The amount of information available for 
tropical latitudes was considerably less. 
Moreover, the lack of actual observations of 
wind in those parts could not be partially 
mitigated by such indirect methods as could 
be applied in temperate latitudes where 
upper air charts were available. Not until a 
widespread network of radio-wind stations 
had been established and used for a few 
years at least would they know what upper 
winds were to be expected in those parts. 
Some information was, of course, available 
from pilot balloon observations made before 
the war, and a much increased programme 
in certain parts during the war, but on noth- 
ing like the scale required, he imagined, for 
sound planning. 

Observations of the winds by pilot balloons 
—the standard technique in the days before 
the advent of radio and radar methods and 
still widely used—were notoriously mislead- 
ing for many statistical purposes when cloud 
amount was correlated with wind speed. 
That was the case for the temperate latitudes. 
But in a number of tropical areas, where 
mainly clear skies were characteristic of a 
season, pilot balloon data might form a 
fairly satisfactory basis for statistical treat- 
ment so that some progress in the planning 
of air operations might be possible without 
waiting for the more complete data provided 
by radio or radar methods. 


Professor DoBSON: Those concerned with 
aeronautics could set their minds at rest 


about the effect of the vertical movement of 


the air on the rate of climbing; particularly 
in the stratosphere it was very very small. 


There was no indication that at any heights 
which the best aeroplanes were likely to 
reach for many years to come there would be 
an appreciable decrease in the proportion of 
oxygen; there would be decrease of total oxy- 
gen, but not a decrease to any extent in the 
proportion. 


In reply to the question whether sound 
was refracted or reflected down, it was 
reflected or bent down because, with increas- 
ing height, the temperature became higher 
and sound travelled faster at high tempera- 
ture than at low temperature. 


As to the quite reasonable suggestion that 
there might be errors in the readings of the 
frost-point hygrometer, due to ice forming as 
a glass and not as hoar-frost, he said that 
very careful measurements had been made in 
the laboratory, spread over a long period, 
and all those measurements had indicated 
that the frost-point hygrometer did in fact 
give the true frost-point all the way down 
to the temperature at which it ceased to 
operate, that cessation being due to the fact 
that there was no deposit at all. So that all 
the indications were that it gave the correct 
results. 

Changes in the amounts of ozone in differ- 
ent parts of the atmosphere were largely due 
to changes in the air mass or air currents. 
How far there were real changes in respect 
of ozone, not associated with those air cur- 
rents, was rather a moot point at present. 


The problem of the inert gases had been 
studied very carefully. All the various gases 
which might be present and which might 
have important absorption effects had been 
considered, and so far as was known at 
present, only water vapour and CO, were 
really important. There were nitric oxides, 
and so on, which had absorption bonds, but 
it seemed that they were not very likely to 
be important. 
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Mr. BREWER: Observers had never noticed 
any serious effect on the rate of climb due 
to any of the vertical currents in the strato- 
sphere. Certainly there were vertical cur- 
rents, both up and down, over the tops of 
cumulus clouds, and the Germans were 
hoping to take sailplanes up to 50,000 ft. or 
more by utilising such currents. 

Dealing with Mr. Walker’s remarks about 
condensation trails, he said it was true that 
the air itself appeared not to play a part; 
but it was the temperature of the air which 
determined the temperature and the tempera- 
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ture changed behind the aircraft, i.e., the 
temperature which was there was the tem- 
perature of the air. So that it was essential 
that the air should be present to specify the 
temperature. It was rarely possible to 
dissociate any atmospheric process from the 
air in which it took place. 


On the motion of the President, a warm 
vote of thanks was accorded Professor 
Dobson and Mr. Brewer for their most 
interesting contribution to the annals of the 
Society. 
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Professor of Engineering Mechanics, University of Michigan, Ann Arbor, Michigan. 


(This paper is a condensed version of a paper published under the same title 
in the Engineering Journal of the Engineering Institute of Canada, July 1945. 
Figure 11 is reproduced from Rational Column Analysis, Engineering Journal, 


December 1941.) 


SYNOPSIS 


HE MATERIAL herein presented was 
Textured as part of a research project 

for the Bureau of Aeronautics (Struc- 
tures Branch) of the U.S. Navy on ‘‘Evalua- 
tion of High Strength Aluminium Alloys.”’ 
The Bureau has released this material for 
independent publication. 

In this paper the physical constants deter- 
mined are limited to elastic limit, yield stress, 
ultimate stress, modulus of elasticity, weight 
and ductility. The materials tested are pri- 
marily the new aluminium alloys 75 ST, 
R 301 T, and R 303 T. 

To offer an immediate basis of comparison 
for aluminium alloys, the aluminium alloy at 
present in common use, namely 24 ST, was 
also tested. To extend the scope of the 
project still further, a few tests on magnesium 
alloy and stainless steel were included. 


TEST RESULTS 

Notation: On all figures, where tension and 
compression stress-strain curves are shown, 
the compression stress-strain curve is indi- 
cated by plain circles, the tension curve by 
circles with a line at 45 deg. Only in Fig. 
12 which comprises nothing but tension 
stress-strain curve, are the 45 deg. cross-lines 
omitted. 

T stands for transverse to direction of 
rolling or cross-grain. 

L stands for longitudinal or with grain. 


DISCUSSION OF FIGURES 


Figure 1 presents tension and compression 
stress-strain curves of magnesium, three 
kinds of aluminium, stainless sieel and sheet 
iron, all sheets tested cross-grain. Fig. 2 
presents tension and compression stress- 
strain curves of the same sheet metals except 
sheet iron, tested with grain. Fig. 3 
presents tension and compression stress-strain 
curves of stainless steel sheets. 

It may be noted that, in Fig. 1 (metals 
tested cross-grain) for the light alloy metals 
the compression stress-strain curves run co- 
incident with, or slightly higher than, the 
tension stress-strain curves. Our curves are 
stress-strain curves plotted in the conven- 
tional manner. That is, no correction is 
made for the increase of cross-sectional area 
in case of the compression test, nor for the 
decrease of cross-sectional area in case of a 
tension test. Our stress is defined as the load 
divided by the original cross-sectional area. 
If the true stress-strain curve were plotted 
the compression curve would appear below 
the one which we plotted, and the tension 
curve would run higher. Although the true 
tension and compression stress-strain curves 
would not absolutely coincide, they would be 
so nearly identical, well within experimental 
error, that they could be considered identical. 

What we have just said about Fig. 1, 
sheets tested cross-grain, does not apply to 
Fig. 2, sheets tested with grain. Whereas in 
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Fig. 1, sheets tested cross-grain, the com- 
pression stress-strain curve runs coincident 
with or above the tension stress-strain curve, 
on Fig. 2, sheets tested with grain, except for 
magnesium, the reverse is true. In case of 
true stress-strain curves corrected for vari- 
able cross sectional areas the divergence be- 
tween the tension and compression stress- 
strain curves would be even more pro- 
nounced. An attempt at an explanation of 
this phenomenon is made below. 


EFFECTS OF COLD-WORKING ON ELASTIC 
PROPERTIES OF METALS 


Possibly it should be stated that the author 
is not a metallurgist, nor is he an aeronauti- 
cal engineer. He lays claim to no other 
qualification but that of strength expert, or 
strength engineer. His familiarity with steel 
is of thirty-five years standing. His familiar- 
ity, such as it is, with the light metals is but 
of very recent date. What he does not know 
about the manufacture or the working of 
aluminium and magnesium would fill 
volumes. Only after the completion of this 
investigation did he learn that the R in 
R 301 T stood for Reynolds. This proves his 
nearly complete ignorance of trade terms. 
The Bureau of Aeronautics wanted certain 
metals to be investigated and supplied these 
metals from their source, the Navy Yard in 
Philadelphia. Thus, the author has made 
his investigations quite objectively. 

It is one thing to record facts. It is one 
degree better to explain these facts. Our 
attempt at explaining the spread between the 
tension and compression stress-strain curves 
in Fig. 2, tested with grain, notably for 24 
ST, in view of our ignorance of manufactur- 
ing practices is frankly conjecture. Possibly 
someone familiar with manufacturing pro- 
cesses may discuss this paper and tell us 
what element of truth may be contained in 
this conjecture. 

One does not need to be an aeronautical 
engineer to know that stringers and sheets 
are stretcher-straightened, and are bent and 
twisted between the time they leave the plant 
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and the time they are finally assembled as an 
integral part of an aeroplane. As strength 
engineers we have but slight interest in the 
properties of the material as it leaves the 
plant. Our primary interest is in what the 
properties are, once the material forms part 
of an aeroplane. If this material is bent or 
stretcher-straightened, thus cold-worked, we 
then must know what are the effects of cold- 
working on the material’s properties. 

Figure 4 presents six stress-strain curves 
of 24 ST extrusion. The black dots, curves 
49 and 51, present the tension and com- 
pression stress-strain properties in the as- 
received state. When this material was cold- 
stretched two per cent, and subsequently 
tested in tension (curve 54) its elastic limit 
and yield stress were increased very materi- 
ally. When it was cold-compressed two per 
cent, and subsequently tested in compression 
(curve 56) its elastic limit and yield stress 
were similarly increased, substantially the 
same amount. However, when it was cold- 
stretched two per cent, and subsequently 
tested in compression (curve 48) both its 
elastic limit and yield stress were materially 
reduced. The same proved to be the case 
when the material was cold compressed two 
per cent and subsequently tested in tension 
(curve 53). 

Figure 5 shows the effects of cold-working 
in tension on the elastic properties in com- 
pression, as well as the effect of ageing on the 
cold-worked material for O-1-H.T.A. mag- 
nesium alloy extrusion. 

The interesting feature of these figures, to 
the author, is the fact that the laws of effects 
of cold-working on magnesium and alumin- 
ium alloys seem to be identical with those 
governing mild steel. 

In 1918, the author published a paper 
entitled, ‘‘Effects of Cold-Working on the 
Elastic Properties of Steel.’’! Incidentally, 


1““Effects of Cold-Working on Elastic Properties of 
Steel,’’ by J. A. Van den Broek, Carnegie Scholar- 
ship Memoirs, Vol. TX., 1918; also Engineering, 
July 16, 1918, and Zeitschrift fur Metalkunde Band 
XII. Heft 8. 
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in this paper is described how steel bars 22 
inches in length were compressed to a length 
of 19 inches, maintaining perfect alignment 
throughout. This same method was used in 
the present case in order to cold compress 
specimens preparatory to subsequent testing 
of the cold-compressed material in either ten- 
sion or compression. 


Our investigations of the effects of cold- 
working on the elastic properties of alumin- 
ium and magnesium alloys have not by any 
means been as thorough and far reaching as 
were those for mild steel. Everything seems 
to point, however, to the fact that, in the 
laws quoted in reference 1, the expression, 
“24ST aluminium alloy extrusion,’’ or 
‘“‘O-1-H.T.A. magnesium alloy extrusion,’’ 
may be substituted for the words ‘‘mild 
steel,’’ without doing violence to the truth. 

Our discussion of the curves in Fig. 2, 
tested with grain, was the immediate cause 
for this digression into the field of cold-work- 
ing effects. We believe our figures relative 
to the cold-working effect may conceivably 
explain the curves in Figs. 1 and 2. For 
example, specimens tested cross-grain were 
presumably in the rolling process, not cold- 
worked in the cross-grain direction. Thus 
their elastic properties in tension and com- 
pression are substantially identical (See 
Curves 49 and 51, Fig 4, and Curves 6 and 
35, Fig. 1). If the sheet during the last 
passage through the rolls was cold enough to 
constitute a cold-rolling process, then we 
would expect the compressive elastic pro- 
perties to be depressed and the tensile elastic 
properties to be raised. We find the stress- 
strain curves for 24 ST in Fig. 2 substantially 
similar to curves 54 and 48 in Fig. 4. This 
suggests that the cold-rolling effect may 
account for the divergence of the two 24 ST 
curves in Fig. 2. The same explanation 
might conceivably apply to the 75 ST curves 
in Fig. 2. Evidently it does not apply to the 
R 301 T curves. 


Not uncommonly we encounter the view 
that cold-working results in strain-hardening, 


818 


J. A. VAN DEN BROEK 


and that strain-hardening results in greater 
strength and is, for that reason, beneficial. 
One definite result of cold-working is that it 
results in a decrease of ductility, which in 
theory of strength is about the most harmful 
thing that can happen. It may result in 
strain-hardening, or strain-weakening, de- 
pending on whether the subsequent strains 
under service conditions are of the same 
sense, or of a sense opposite to those involved 
in the cold-working process. 

In stretcher-straightening or while bend- 
ing and fitting into place, a certain amount 
of cold-working is probably inevitable. Un- 
less done for a definite purpose, as for 
example in drawing wires, it seems best to 
regard cold-working as an evil, probably a 
necessary evil, but not as an advantage. 


CoLuMN TESTS 


Figures 6 and 7 present pin-ended column 
curves of mild steel round, and 24 ST extru- 
sion round, respectively. The method of 
testing used in obtaining these figures was 
first described in ‘‘Rational Column Analy- 

Figure 8 shows one of the short steel 
columns used in the series of tests illustrated 
in Fig. 6. Figure 9 shows the equipment 
used in making the templets for the Z 
stringers (Fig. 10). A short section of the 
extrusion to be tested is placed on a disc 
having exactly the same diameter as that of 
the mould. This disc is balanced on a 
gramophone needle. The correct length of 
the sample, to be balanced on the disc, is 
determined by trial and error. If it is too 
long, the contraption is unstable; if too short, 
it is insufficiently sensitive. Once the sample 
section of the stringer is properly balanced 
it is brought down to rest on the wooden 
board and frozen on the disc by means of a 
few drops of molten wax. The eye-dropper 
and candle used for this purpose are shown 
in the photograph. Next, the disc and 


2‘‘Rational Column Analysis,’’ by J. A. Van den 
Broek, The Engineering Journal, December 1941; 
closing discussion June 1942, 
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Fig. 7 
round 24ST extrusion, cold-stretched 1.95%, 


centreless ground and aged 20 weeks. 
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sample stringer section are transferred to a 
mould. They are then clamped tightly in 
place by means of the bridge and clamp 
screw shown in the figure. Some type- 
metal is melted and poured around the 
sample. After cooling, the templet is pushed 
out of the mould through the perforations 
below and the sample removed. Once 
this templet is inserted in the depression of 
the column-end provided for it, it serves to 
align, with a high degree of accuracy, any 
column specimens cut from extrusions iden- 
tical with the sample extrusion, The mould 
is made slightly larger than the depression in 
the column-end in order to allow for the 
contraction of the type-metal as it cools.* 

Figure 6 represents the final result of four 
years of effort to obtain the best possible 
record of a series of pin-ended column tests. 
The time taken in perfecting the specimens 
as well as the column ends was considerable. 
The time consumed in obtaining twenty-one 
readings in the laboratory was but two 
hours. Twenty-one specimens were tested 
and all these test results are recorded on 
Fig. 6. 

Figure 7 presents a stress-strain curve, an 
Engesser curve, and an experimental column 
curve for a #? in. round 24 ST extrusion. 
The extrusion was centreless ground to uni- 
form roundness, cold-stretched 1.95 per cent, 
and aged twenty weeks. The stress-strain 
curve was determined from a short specimen 
while being tested as a pin-ended column. 
Tangents were drawn to the stress-strain 
curve at points 1, 2, 3, etc., and from these 
tangents, the Euler and Engesser column 
values were computed. These values, thus 
computed, were plotted as solid round dots, 
and a solid black line drawn through them. 
The experimental column strength values are 
shown by circles. 

Figure 10 presents experimental column 
curves of 24ST, 75ST and R303T 
identical extrusions. 


‘See “‘Strength of Magnesium Alloy Columns,’’ by 
. A. Rappleyea, Journal of Aeronautical Sciences, 
July 1945, 


Fig. 8 
Pin-ended column under test. 


The Engesser curves in Fig, 13 were ob- 
tained from stress-strain curves as described 
above. The stress-strain curves from which 
they are obtained are referred to by number, 
and may thus be located in the various other 
figures. The circles in Fig. 13, therefore, 
represent experimental values only in the 
sense that they were obtained from experi- 
mentally determined stress-strain curves. 
They do not represent experimental values of 
actually tested columns. 


Figure 11 represents a series of Load-Axial 
Deformation Curves for mild steel angle 
columns. The experimental value represen- 
ted- by a double circle on the curve for 
! 1=306 represents a position in the test from 
which the deformation was gradually de- 
creased (the testing machine put in reverse). 
Under this decreasing deformation the ex- 
perimental values fell at first on the original 
horizontal line. Under zero load there was 
no observable permanent set, not even as 
much as 0.001 inch. 
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EVALUATION 


A great variety of tests have been conduc- 
ted and a large number of values have been 
established. For example, proportional 
limits, yield stresses, moduli of elasticity 
both in tension and compression as well as in 
direction of rolling and transverse to direc- 
tion of rolling, have been established. In 
addition, weight and ductility must be taken 
into account, In order to evaluate metals 
for the purpose of aeroplane construction, 
this array of data must be sifted, arranged, 
co-ordinated, and some of it rejected. 

Figure 12 presents tension load-strain 
curves for magnesium, aluminium, and for 
stainless steel bars of the same weight. Thus, 
on this one graph several physical constants, 
such as weight, proportional limit, yield- 
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stress, and modulus of elasticity are reduced 
to one and the same standard. This consti- 
tutes a very desirable simplification in our 
evaluation task. Unfortunately, however, 
it falls short of the ideal on at least two 
counts. First, metal under compression loads 
is much more critical in strength determina- 
tion of aeroplane structures than is the same 
metal subject to tension loads, and, second, 
Fig. 12 fails completely in evaluating the 
important physical constant of ductility. To 
construct graphs similar to Fig. 12, but for 
compressive stress-strain properties instead 
of tension properties, would be meaningless, 
as metal under compression in aeroplane 
structures fails by buckling. 

Column strength, in case of material with 
a constant modulus of elasticity, is expressed 


Fig. 9 


Equipment used in making the templets for the Z stringers. 
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(1/1)? 
—whereiis the radius of gyration of the strut. 
In case of material such as we are con- 
sidering, in which the modulus of elasticity 
decreases as the stress increases, the equa- 
tion for column strength is the Engesser 

formula, P/A= (jay? 
mula is the same as the Euler formula except 
that F’ is variable instead of constant. Thus 
the Engesser column curve may be obtained 
from the stress-strain curves in Fig. 2 for 
example. If, for purposes of convenient 
comparison, we want column strength graphs 
for columns of equal weight of sheet iron, 
stainless steel, aluminium, and magnesium 
all to be plotted on the same graph, then the 
conventional ordinates of P/A and 1/i can- 
not be used. Instead, specific columns of 
similar cross-sectional areas must be used. 
This is not a serious handicap, so long as 
we are primarily interested in comparative 
values, since graphs for different size 
columns, so long as the areas are similar and 
the weights of the columns represented in the 
same figure are all equal, would be similar. 

Figure 13 represents compression limit- 
strength curves of solid round columns of 
equal length and weight. Compression limit- 
strength curves for extrusions would appear 
similar, 

By the introduction of Fig. 13 we have 
eliminated one of the disadvantages which 
we mentioned in connection with Fig. 12. 
The other disadvantage which was men- 
tioned, the inability to evaluate on one set of 
graphs the property of ductility along with 
those of weight and stress-strain relation- 
ships, remains. 

On the basis of Fig. 13, we believe a few 
general conclusions are possible: 

1. Sheet iron appears to be superior to 
stainless steel in the long column range 
(1>21.5” or 1/i>72.4, in Fig. 13), because, 


by the familiar Euler equation, P/A = 


The Engesser for- 


with substantially the same weight, sheet, 


iron manifests a greater value for the modulus 
of elasticity. 
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2. Stainless steel does manifest a slightly 
greater percentage of elongation than 24 ST 
aluminium. Its column strength, however, 
is so markedly inferior to that of columns of 
24 ST of equal weight that, in our opinion, 
we are justified in eliminating stainless steel 
from further consideration. 

3. R 301 T aluminium appears to be in- 
ferior, both in ductility and in column 
strength, to 75 ST aluminium sheet. Of the 
aluminium alloy tested, R 301 T may, in our 
view, be eliminated from consideration, and 
thus the choice is reduced to deciding be- 
tween 75ST and R303 T with superior 
strength, and 24 ST with superior ductility. 

4. Both in ductility and in strength pro- 
perties R 303 T and 75 ST appear so similar 
that, on the basis of the few tests which we 
conducted, we are unable to express a prefer- 
ence between them. Possibly R 303 T may 
show slight superiority over 75 ST, because 
of a ten per cent greater ductility. The 
ductility of both 75ST and R 303T, 
expressed by percentage of elongation in 2 
in. length, break excluded, is of the order 
of magnitude of nine per cent. Although 
not as large as that for 24 ST, the column 
strength in the short column range for 
R 303 T and 75 ST alloys is so definitely 
superior to that of all other metals tested as 
to indicate a definite superiority except for 
cases in which its ductility factor might prove 
to be deficient. R303T and 75ST 
aluminium alloys thus appear definitely 
superior to all other metals tested, for struc- 
tural purposes, in the short column range. 
The only contestant for the award of merit 
appears to be J-1 H and O-1 HTA magne- 
sium alloy, and this contest is limited to the 
long range column />27.5, or //i for 
aluminium >55 and //i for magnesium >44. 


DUCTILITY 


The author’s experience of engineering is 
that of steel construction. In his younger 


days the pin-connected railroad truss was 
still standard. He has lived to see these pin- 
connected trusses superseded by rigid trusses 


75-ST aluminum Alloy Extrusion 
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with gusset plates taking the place of pins. 
He recalis the contests between the so-called 
practical engineers who favoured rigid con- 
struction, and others who condemned it on 
theoretical grounds. He has seen involved 
theories which proved that secondary stresses 
made rigid construction uneconomical and in- 
advisable and seen rigid constructions become 
popular in spite of these predictions. He 
has seen the exponents for silicon steels and 
carbon steels clamour for recognition, and 
seen these steels rejected in favour of the old 
stand-by, open-hearth structural steel. He 
has heard the secondary stress analyses 
praised, and at the same time known these 
same analyses to be completely ignored. He 
has seen the practice of, and has practised, 
bridge design by the good old fashioned 
rules, ‘“When in doubt make things heavy,”’ 
and ‘‘Steel is much cheaper than labour.”’ 
In all this tug-of-war ductility has been the 
basic, although apparently often inarticulate, 
consideration, so-called practical 
engineer has insisted throughout on a high 
measure of ductility while many theorists 
have tried to get along with little more than 
the theory of elasticity. The theorist has 
finally acquiesced, although sometimes 
grudgingly. Thus, ductility has wiped out 
stress concentrations, secondary _ stresses, 
and a multitude of other sins of commission 
and omission. The author has attempted to 
rationalise this factor of ductility in a theory 
of strength called theory of limit design.‘ 


Structural engineering as applied to aero- 
planes differs from that as applied to bridges 
in its diametrically opposite sense of value 
relative to the weight factor. Even the lay- 
man is readily convinced that a light struc- 
tural material is desirable. Possibly he and 
some aeronautical engineers are too readily 
convinced. 

There appears to be a rough rule in regard 
to metals, namely: when strength is increased 
ductility is decreased. The rule apparently 


4“‘Theory of Limit Design,’’ by J. A. Van den 
Broek, Trans. Am. Soc. Engrs., 1940. 
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is not infallible, since we have seen that 75 
ST and R 303 T aluminium are superior to 
R 301 T aluminium both in strength and 
ductility properties. | Magnesium makes a 
strong appeal because of its lightness. How- 
ever, in order to impart to it a reasonable 
measure of strength, its ductility is reduced 
almost to the vanishing point. Yet, thirty 
sets of aeroplane wings have been built of 
magnesium, apparently with very satisfac- 
tory results. Does this mean that the struc- 
tural steel engineering profession has been 
wrong for decades, and that long ago we 
should have started building railroad bridges 
of glass? The author does not know the 
answer. 


For decades, ‘‘theory of elasticity’’ has 
been regarded by many as almost synony- 
mous with ‘‘theory of strength.’’ Structural 
steel is both beautifully elastic and beautifully 
ductile. In spite of the great emphasis on 
the theory of elasticity, many of the im- 
portant rules and practices of structural 
engineering could not be justified except for 
the factor of ductility. Stainless steel, mag- 
nesium, and aluminium are neither perfectly 
elastic nor perfectly ductile. Thus, the 
theory of elasticity, or theory of limit design, 
are, at best, but rough compromises when 
applied to structures constructed of these 
metals. Important as the factor of ductility 
unquestionably is in structural engineering, 
whether it be steel or light metal structures, 
the profession at present has not even a satis- 
factory measure of ductility, let alone a 
satisfactory specification as to how much we 
must have and as to how little we can get 
along with. Until such a standard is estab- 
lished and accepted, a rational evaluation of 
relative merit between 75 ST and R 303 T 
on the one hand, and magnesium alloy on 
the other hand, in the long column range, 
will have to be postponed.* 


* The latest experimental magnesium alloy, 
ZK 60, developed by the Dow Chemical Co., has 
a yield stress of 40,000 lb. p.s.i. and appears to be 
as ductile as 24 ST aluminium alloy. 
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THE AERONAUTICAL SOCIETY 


i946 GARDEN PARTY 


. 15th September 1946 was one of the few pertect days of a disappointing 
Summer. There was continuous sunshine and just enough cloud to add to the 
effectiveness of one of the finest flying displays seen in Great Britain. 


The weather was a perfect background to the revival of the Royal Aeronautical 
Society’s Garden Parties. Always a social occasion, as well as a record of technical 
progress, and a time for friends to meet, this first Garden Party after an interval of six 
long years of war, was specially marked by a renewal of friendships and nostalgic 
memories. 


Those memories were emphasised by the two minutes’ silence which were observed 
at three o’clock, before the flying programme began, to mark the anniversary of the Battle 
of Britain of Sunday 15th September 1940—an anniversary which was commemorated by 
services throughout the country. 


The first Royal Aeronautical Society Garden Party was held shortly after the 1914-18 
War—on 29th June 1919 at the Handley Page Aerodrome at Cricklewood, so it was 
particularly fitting that this post-war Garden Party on 15th September 1946 should be 
held at the Handley Page Aerodrome at Radlett. In 1946 the restrictions imposed by 
rationing limited the number of tickets which could be sold, but altogether more than 
6,000 members and guests were present at Radlett, including distinguished visitors from 
abroad and a number of representatives to the P.I.C.A.O. Demonstrations of Radio Aids 
to Navigation. 


Radlett Aerodrome was kindly lent for the occasion by the Ministry of Supply and 
Handley Page Ltd., and to them the Council wish to pay a warm tribute for generous 
assistance in the general organisation of the Garden Party. 


The Council wishes to thank particularly the Society of British Aircraft Constructors 
and its members for their generosity in making possible the holding of the Garden Party 
at that time. 


The Society of British Aircraft Constructors had held its first post-war—and its most 
successful—Exhibition and Display at Radlett on the 12th and 13th September and 
generously agreed to keep the Exhibition and Display in being for the members of the 
Royal Aeronautical Society and their guests on Sunday 15th September. The British 
Aircraft Industry had gathered together some 50 types of the latest military and civil 
aircraft and an exhibition of some 200 stands showing engines of all types, airscrews, 
parts, equipment and materials used in the production of British aircraft to show visitors 
from abroad the advances made by the Aircraft Industry during the past seven years 
and the part the Industry was prepared to play in the export trade. 


Thus members of the Royal Aeronautical Society and their guests were privileged to 
see one of the finest flying displays yet given in this country, including some new types of 
aircraft shown for the first time. 


Air Commodore F. Kirk, O.B.E., Chief Overseer of Flying at the Ministry of Supply, 
was in charge of the whole of the arrangements for the flying programme. The Council 
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wishes to thank the Ministry of Supply for lending those aircraft belonging to the Ministry 
which were demonstrated. The Council also wishes to pay tribute to the efficient services 
of Air Commodore Kirk, his assistant at the Ministry, Group Captain P. G. Thomson, 
and the officers assisting him at the aerodrome. Group Captain Bandidt was in charge of 
Flying Organisation, Group Captain J. Bruce was in charge of Ground Organisation and 
Wing Commander W. Gordon was in charge of crash arrangements. 


The following aircraft were demonstrated in the air :— 
Handley Page Hastings, by Mr. Saunders. Supermarine Sea Fang, by Mr. Lithgow. 


Avro Tudor I, by Mr. S. A. Thorne. Percival Proctor V, by Mr. Carruthers. 

Avro Lincoln, by Mr. Field Richards. Armstrong Whitworth A.W.52G, by Mr. 

Miles Marathon, by Mr. Ken Waller. Franklin. 

Bristol Wayfarer, by Mr. Pegg. Auster Autocrat, by Mr. G. R. Millar. 

Vickers-Armstrongs Viking, by Mr. Boyd. Miles Gemini, by Mr. Kendall. 

de Havilland Dove, by Mr. Fossett. Reid & Sigrist Desford, by Mr. C. F. French. 

Vickers-Armstrongs (Supermarine) Spitfire Gloster Meteor IV, by Mr. P. J. Stanbury. 
Trainer, by Mr. Jeffrey Quill. Avro Lancastrian (two Rolls-Royce Nene 

Hawker Sea Fury, by Mr. W. Humble. and two Merlin engines), demonstrated 

Fairey Firefly, by Mr. Mosely. for Rolls-Royce Ltd., by Capt. R. T. 

Blackburn Firebrand, by Mr. Lawrence. Shepherd. 

de Havilland Hornet, by Mr. Pike. de Havilland 108, by Mr. Geoffrey de 

de Havilland Vampire, by W/C Beamont. Havilland. 

Supermarine E/10/44 Jet Fighter, by Mr. Cierva W.9 helicopter (lent by Cunliffe- 
Jeffrey Quill. Owen), by Mr. H. A. Marsh. 


In addition to the R.A.F. Medical Officers, Dr. Kenneth G. Bergen, M.A., M.D., 
of British Overseas Airways, was in attendance during the afternoon as Honorary Medical 
Officer. 

Besides the aircraft in the flying programme the following aeroplanes were shown on 
the ground :— 


Aerovan (Miles Aircraft Ltd.) Martinet (Miles Aircraft Ltd.) 

Arrow (Auster Aircraft Ltd.) Messenger (Miles Aircraft Ltd.) 

Avro XIX (A. V. Roe & Co. Ltd.) Mosquito prototype (de Havilland Aircraft 
Brigand (Bristol Aeroplane Co. Ltd.) Co. Ltd.) 

Buckmaster (Bristol Aeroplane Co. Ltd.) Mosquito 34 (de Havilland Aircraft Co. Ltd.) 
Consul (Airspeed Ltd.) ba Prentice (Percival Aircraft Co. Ltd.) 
Firefly Trainer (Fairey Aviation Co. Ltd.) Seafire 47 (Vickers-Armstrongs Ltd. 

Fury I (Hawker Aircraft Ltd.) [Supermarine] ) 

Gull (Percival Aircraft Ltd.) Sea Vampire (de Havilland Aircraft Co. Ltd.) 
Halifax IX (Handley Page Ltd.) Sea Hornet (de Havilland Aircraft Co. Ltd.) 
Hamilcar X (General Aircraft Ltd.) Spearfish (Fairey Aviation Co. Ltd) 

Kirby Tutor (Martin Hearn Ltd.) Tempest VI (Hawker Aircraft Ltd.) 

Kirby Kite (Martin Hearn Ltd.) Warwick (D. Napier & Sons Ltd.) 
Lancasters (Flight Refuelling Ltd.) Welkin (Westland Aircraft Ltd.) 


Lancastrian (A. V. Roe & Co. Ltd.) 


The Council wish to thank sincerely all the pilots, firms, ground crews and others 
who so willingly helped with the display of the above aircraft, both those demonstrated 
and those exhibited on the ground. 
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1946 GARDEN PARTY 


The Council also wish to record their thanks and appreciation to the Royal Air Force 
for their help in connection with the flying programme; to the Air Training Corps for 
services in connection with the flying display and the Garden Party generally; to Handley 
Page Ltd. for supplying crash tender and fire service teams; to Peto & Radford Ltd. for 
supplying all starting facilities for aircraft taking part in the flying programme; to Rootes 
Securities Ltd. for placing two Humber Snipe cars and their drivers at the disposal of 
Flying Control for transport on the aerodrome; to Rediffusion Ltd. for supplying the 
broadcasting system and loud speaker arrangements on the aerodrome; and to Mr. William 
Courtenay, M.M., A.R.Ae.S., who gave a broadcast description of the events. 


The Static Display attracted great interest also and the Council wish to thank the 
following for their assistance in keeping open their stands during the afternoon and helping 
to make the display such a success :— 

Airspeed Ltd; Alvis Ltd; Armstrong Siddeley Motors Ltd; Sir W. G. Armstrong 
Whitworth Aircraft Ltd; Auster Aircraft Ltd; Blackburn Aircraft Ltd; Boulton Paul 
Aircraft Ltd; Bristol Aeroplane Co. Ltd; Cunliffe-Owen Aircraft Ltd; de Havilland Engine 
Co. Ltd; English Electric Co. Ltd; Fairey Aviation Co. Ltd; General Aircraft Ltd; Gloster 
Aircraft Co. Ltd; Handley Page Ltd; Hawker Aircraft Ltd; The Heston Aircraft Co. Ltd; 
Metropolitan-Vickers Electrical Co. Ltd; Miles Aircraft Ltd; D. Napier & Son Ltd; Percival 
Aircraft Ltd; Portsmouth Aviation Ltd; Reid & Sigrist Ltd; A. V. Roe & Co. Ltd; 
Rolls-Royce Ltd; Saunders-Roe Ltd; Short Brothers (Rochester & Bedford) Ltd; Vickers- 
Armstrongs Ltd; Vickers-Armstrong Ltd. (Supermarine); Westland Aircraft Ltd. 

A.B.C. Motors Ltd; Accles & Pollock Ltd; Acton Bolt Ltd; ‘‘The Aeroplane’; Aero- 
plastics Ltd; Aircraftings Ltd; ‘‘ Aircraft Engineering ’’; Aircraft Materials Ltd; The 
Air League and “‘ The Air Reserve Gazette ’’; Airscrew Co. Ltd; Air Service Training 
Ltd; ‘‘ Air Transport ’’; Amal Ltd; Automotive Products Ltd; Aviation Developments 
Ltd; Bakelite Ltd; Lewis Berger & Sons Ltd; Birmetals Ltd; Birmingham Aluminium 
Casting (1903) Co. Ltd; Thomas Boorn & Co. Ltd; James Booth & Co. Ltd; British 
Insulated Callender’s Cables Ltd; The British Parachute Co. Ltd; The British Piston Ring 
Co. Ltd; British Ropes Ltd; The British Thomson-Houston Co. Ltd; British Timken Ltd; 
Brown Brothers (Aircraft) Ltd; Bruntons (Musselburgh) Ltd; Bryans Aeroquipment Ltd; 
Cellon Ltd; Chance Brothers Ltd; Chloride Electrical Storage Co. Ltd; Christie-Tyler Ltd; 
Coventry Climax Engines Ltd; Richard Crittall Ltd; de Havilland (Propellers) Ltd; De 
La Rue Plastics Ltd; Delaney Gallay Ltd; Delco-Remy & Hyatt Ltd; Desoutter Brothers 
Ltd; Docker Brothers; Dowty Equipment Ltd; R. K. Dundas Ltd; Dunlop Rubber Co. Ltd; 
Electro-Hydraulics (Messier) Ltd; The English Steel Corporation Ltd; Esavian Ltd; Ever- 
shed & Vignoles Ltd; Exactor Control Co. Ltd; Ferodo Ltd; Field Aircraft Services Ltd; 
Filton Ltd; Firestone Tyre & Rubber Co. Ltd; Thos. Firth & John Brown Ltd; 
Firth-Vickers Stainless Steels Ltd; Fischer Bearing Co. Ltd; W. T. Flather Ltd; Flexo 
Plywood Industries Ltd; ‘‘ Flight ’’; Flight Refuelling Ltd; Samuel Fox & Co. Ltd; General 
Electric Co. Ltd; F. Gilman (B.S.T.) Ltd; Girling Ltd; Sir George Godfrey & Partners Ltd; 
The Goodyear Tyre & Rubber Co. (Gt. Britain) Ltd; G.Q. Parachute Co. Ltd; Graviner 
Manufacturing Co. Ltd; Guest, Keen & Nettlefolds Ltd; J. J. Habershon & Sons Ltd; Hall 
& Hall Ltd; John Hall & Sons (Bristol & London) Ltd; Thos. P. Headland Ltd; Martin 
Hearn Ltd; Hellerman Electric Ltd; The Henderson Safety Tank Co. Ltd; High Duty 
Alloys Ltd; H. M. Hobson (Aircraft & Motor) Components Ltd; The Hoffman Manufac- 
turing Co. Ltd; F. A. Hughes & Co. Ltd; Henry Hughes & Sons Ltd; The Hymatic 
Engineering Co. Ltd; Imperial Chemical Industries (Paints) Ltd; Imperial Chemical Indus- 
tries (Metals) Ltd; Irving Air Chute of Great Britain Ltd; Jablo Propellers Ltd; Kelvin, 
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Bottomley & Baird Ltd; George Kent Ltd; King Aircraft Corporation Ltd; K.L.G. Sparking 
Plugs Ltd; Latex Upholstery Ltd; Lep Transport Ltd; Lines Bros. Ltd; Linread Ltd; Lodge 
Plugs Ltd; Joseph Lucas Ltd; Magnesium Electron Ltd; Marconi’s Wireless Telegraph Co. 
Ltd; Marston Excelsior Ltd; Masson Seeley & Co. Ltd; Metalastik Ltd; Metropolitan Ply- 
wood Co; Mollart Engineering Co. Ltd; Monaco Motor & Engineering Co. Ltd; The Mond 
Nickel Co. Ltd; Moulded Components (Jablo) Ltd; Newton Brothers (Derby) Ltd; 
Northern Aluminium Co. Ltd; Oddie Fasteners Ltd; The Palmer Tyre Ltd; R. & J. Park 
Ltd; Peto & Radford; Phenoglaze Ltd; Philips Lamps Ltd; Plessey Co. Ltd; Ransome & 
Marles Bearing Co. Ltd; Rediffusion Ltd; Redwing Ltd; Renfrew Foundries Ltd; The 
Renold and Coventry Chain Co. Ltd; Reynolds Tube Co. Ltd; R.F.D. Co. Ltd; S. Grahame 
Ross Ltd; Rotax Ltd; Rotol Ltd; The Royal Aero Club; Rubery, Owen & Co. Ltd; Llewellyn 
Ryland Ltd; Savage & Parsons Ltd; Self-Priming Pump & Engineering Co. Ltd; Serck 
Radiators Ltd; Short & Mason Ltd; Simmonds Aerocessories Ltd; Simms Motor Units Ltd: 
The Skefco Ball Bearing Co. Ltd; Skyhi Ltd; Smiths Aircraft Instruments Ltd; Smith’s 
Stamping Works (Coventry) Ltd; The Sperry Gyroscope Co. Ltd; Standard Telephones & 
Cables Ltd; Sterling Metals Ltd; Stockport Manufacturing Co. Ltd; J. Stone & Co. Ltd: 
Superflexit Ltd; B. & P. Swift Ltd; Tecalemit Ltd; Teleflex Products Ltd; Titanine Ltd; 
T.K.S. (Aircraft De-Icing) Ltd; Triplex Safety Glass Ltd; Ronald Trist & Co. Ltd; Trucast 
Ltd; Tufnol Ltd; Ernest Turner Electrical Instruments Ltd; Ernest Turner London Ltd; 
Turner Manufacturing Co. Ltd; Ultra Electric Ltd; Vokes Ltd; Waymouth Gauges & 
Instruments Ltd; Wellworthy Piston Rings Ltd; Charles Weston & Co. Ltd; A. C. Wickman 
Ltd; Williamson Manufacturing Co. Ltd. 


The Council also wish to place on record their deep appreciation of the help given by 
the Hertfordshire County Police, for their efficiency in dealing with road traffic and in 
keeping clear the main runway on the aerodrome; National Car Parks Ltd. for their 
efficiency in coping with the parking arrangements for 2,200 cars; the Automobile Associ- 
ation; Handley Page Ltd., for providing many essential services; Beck & Pollitzer Ltd. for 
supplying a crane; and George Kent Ltd. for permission for the Band of George Kent Ltd. 
to play during the afternoon under the leadership of Mr. Spragg. 
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The ‘“Brabazon” — an 
unusual aircraft — requires 
gears of unusual type, manu- 
factured with that exceptional 
precision and technique 
associated with the name 
‘David Brown.’’ 


Identical facilities are at 
your service in the develop- 
ment of prototypes and in 
quantity production. 
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